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METHODS OF SCREENING NUCHLEIC ACIDS USING MASS 
SPECTROMETRY 
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Tecunical Held 

This invention relates gena:ally U) mefliods for screening nucleic acids for 
mutations by analyzir^ fifagnienEed nucleic acida using mass spectrometry. 

15 

INTRODUCTION 

Approximately 4,000 human disorders are attributed to goictic causes* 
Hundreds of genes responsible for various disorders have been mapped^ and 

20 sequence mformation is beii^ accumubtted rapid]>'. A principal goal of the 

Human Genome Project is to find all genes associated with each disorder. The 
defioitive diagnostic test any specific genetic disease (or predisposition to 
disease) vdH be the identification of mutacim in affected cdls diat result in 
alterations of gene function. Furthermone, teqjonse to ^>eclfic medications may 

25 depend on tite presence of mutations. Developing DNA {c^ RNA) 5a:rccning as a 

practical cool for medical diagnostics requires a method (hat is inexpensive^ 
accurate, expeditious, and robust. 

Genetic mutations can manifest themselves in several fyms. such as poim 
mutatiofs where a single base is changed to one of the three other bases, 

30 deletions where one or more bases are removed from a nucleic acid sequence and 

the bases flanking the deleted sequence are direcily linked to each other, and 
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insertions wherp new bases are msencd at a pBrdcular poim in a mideic add 
sequence addhig addittooa] length to Ok ovG^ Large lAscnions and 

dcleticns^ crften the resulc of chromosomal recombbiation and rainai^ement 
events, ean lead to partial or coaq>leie loss of a gene. Of these fbm» of mutation, 
in general the most difTicult type of mmaiim to screen for and detect is the point 
mutation because it rqixesents the smallest degree of molecular diange. TTw tenn 
mutation encompasses all the above-listed types of differences from wild type 
m^eic acid sequence. Wild type is a standard or leference nucleotide sequetu^e to 
which variaiions are compaied. As defixed, any variatian from wild type is 
ocmsidexed a mutation ittdudiag namraUy occurring sequence polymotphiEms. 

Althougb a nutnber of geaietxc ddects can be linked to a spedfic single 
point nnitacLon within a gene, e.g. s^e cell anemia, many axe caused by a wide 
spectrum of dififbent mutations throu^mt the gene. A typical gene that int^t be 
scteened using the methods desoibed heie could be ai^where ftom 1,000 to 
lOOtOOO bases in length, thot^h smaller and larger genes do aisi. Of that amount 
of DNA» only a iractioq of the base paks actually encode Ifae proteb. Ibesc 
dlacomimioua protein coding cegioos are called exons and the remainder of the 
gene is referred to as hitrons. Of fhese two types of regions, exons often contafai 
die most unpoxtam sequences to be screened. Several complex procedures have 
been developed for scanning genes in order to delect musaiions, which are 
applicable to both exons and introns, 

Q^LM^SOSbs^^ Several of die procedines described below iise some form ctf 
gel eleetrophoiests, llmltee tt is wordiwUIc to briefly omss^ 
leclmology beftue pnxseediiig 10 the 9ecific inediods. in trams <tfcuneotiKe« 
most of the medsods to scan or acveen gnes empk^ riab or capillaiy gel 
decttopbocesis for die sqwation and detection step in the as^ys. Gel 
electrophoresis of nucleic acids primarily provides tehnive size itiffliwjitinTi based 
on mobiliQr tfanxigh the gel matrix. If calibration standards aie en^t^ed^ gel 
electtpifliozesis can be used to measure absolute and relative ipt^i^niay weirds of 
targe biomokcules with some moderaie degree of accura^; even then ^icaliy the 
accuztu^isffidyS^ to 10%. Also the molecular weig}itresohition is limited. In 
cases where two DNA fragments widi identical number of base pairs can be 
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separaticd, usidg high concentraticm polj-acrylamidc ^Is, it is still not possible to 
idmsiSy Hiiich band on a gel ccurespoods to which DNA fFagmem without 
peifnnniqg secondary labeling expsrhnmts. Gd dectroftaoiesis techniques can 
only determine size atKl cannot provide any infonnaiion about changes in base 
composition or sequence without perfbnning inore complex .sequencing reactions. 
Gel-based ^chniques, for the most part, are dependent on labeling methods to 
visualize and discrunmate bctM/een different nudeic acid fragments, 

' PMA Swuejffiing: The piindpal appioadi currejitiy used to screen for genetic 
nutations is DNA sequencit^. Sequencing reactions can be perfmned to screen 
the full genetic target base by base. Thte process, which can pmpoint the exact 
location and nature of tnuiation^ requires labeling DNA, use of polyacrylainide 
gels^ and a muldplicity of reactions ir> assess all bases over the length of a gene, 
all <rf wUcb are slow and labor intensive procedures, [J. Bergh ct al. "Complete 
Sequencing of the p53 Gene Provides Prognostic bifcnnation in Breast Cancer 
Patients, Pardculariy In Relation to Adjuvam Systemic Therapy aid 
RadioAerapy/ Nature Medicme L 1Q29 (1W5)J 

For DNA sequencing, nucleic acids comprising differcm exons or smalt clusters of 
cxons are mdividuaZly amplified, often using polymerase chain reaction (PCR). 
The amplifications are normally performed separately although some multiplexmg 
of reactions is possible. The amplified nucleic acids tyincally range fix>m one 
hundred to several thousand bases in Icngfli. Following amplification^ the PCR 
products can serve as templates for standard dideo>^'-ba5ed Sanger sequendng 
reactions. The four diffeim sequencing reactiom arc run (or for fluorescence 
ddectioQ. one reaction with four difforcnt dye tmninators) and then analyzed by 
poly:..,rylamide gel electrophoresis. Each sequencmg nm yidds about 300 to 600 
bases of sequence which Qpically must be read with at least a two to dircc-foM 
redundancy m order to assure accuracy. Using slab geK the analysis process 
typically takes several hours. 
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SSCP : The single strand conformaiiQna] polymorphism assay takes advantage of 
structural variation within DNA that results from mutation. The method involves 
foIdiii£ the sin^e-sinindecl form of a given nucleic acid sequence inio a 
thermodynamicBlly diiiected secondary and tertiary structure. In most cases, 
5 mutated siequences fonn difTexent structures than the vdld type sequence, thus 

permitthig separation of mutated and wild type sequence by gel elecirophoi^is. 
like sequencing, thii; is complicaced hy the need to label molecules and run 
polyBcr>']amide gels. In a typical case, mutatioDS can be located mthin a general 
range of SO to 200 base pairs, but the exact nature of tfie mutation cannot be 
10 idendfied. [M. Orita et al., "Detection of Polymorphisms of Human DNA by Gel 

Electrophoresis as Siiigle-Stranded Conformation Polymorphisms/ Proc« Natl. 
Acad. Sd. USA 86^ 2766 (1989)1 

DGGE : Like SSCP, dcnasuring grsdicm gel electrq)horesi5 assays also 
15 differentiate based on stmctoral variation^ but requixe die use of gradient gels» 

which are <tifiQcult to prepare. The different thermodynamic stability of structures 
formed by die mutant sequence, as opposed to wild type, lead to difTerences in die 
lemperaiuie and/ur pH at v^rhkh the molecule will denature. DGG6 mutation 
idemificaiion and locali2adoQ properties arc sioiilar to diose for SSCP though 
20 scnsinvity is higher for DGGE because not aD routauons cause the stiuctural 

changes that the SSCP tn^hod dqsends upon for detection. [E,S. Abrams, S.E. 
Murdangh & L.S. Lennan, "C^Hnprehensive Detenu of Single Base Changes in 
Human Genomic DNA Using Denaturing Gradient Ud Eiectxophozesis and a GC 
Ckunp/ Genomics L 463 (1990)1 

25 

EMC : Enzyme mismatch cleavage utilizes one or mote enzymes that are capable 
of r^giuzing incemipiions in base pairing within a doubte-stnmded nucleic aL-id 
molecule, e.g. base-base mismatch^, bulges, or internal loops. A given length of 
DNA or RNA is prepared in heterozygous form, whh one strand cofnpo5;ed of 
30 wild type nucleic acid and iJ^e other strand containing a potential mutation. At the 

specific site where die muiadon fonrn a mismatch with the wild type sequence, a 
strucmral peiturbadon occurs. An emytM such as T4 endonuclease VII, RuvC, 



wo 97/33000 rcT/vs9fmm 

5. 

RNase A. or MusY, can rec<ignize a smicrural peitmbation and can ^ic^ 
specifically cut the daubh^slnuided nucleic acid, cxvatnig smaller molecules whose 
sizes indicate the presence and location of the mutation. As with the previously 
discussed meiboJs, this approach as currently used, also requires laheling and gel 
electropbotiesis. With this method, ifae she of mutation can be localized to within 
8 few base paa:s but the exact namre of the mutation cannot he detemiinoi. [R. 
YouO, B.W. Kemper & R.G.H. Cotton, ''Screeniqg for Mutations by Enzyme 
Mismatch Cleavage with T4 i^nuclease VII/ Ptoc. NatL Acad. .Sci. USA i22, 
* 87 (1995)} 

COM: A \'ariation of EMC is to replace the eozymadc cleavage stqs with chemical 
cleavage. Chemical cleavage mismatch analysis hivolves the use of reagents such 
as osmium tetroxide to react with mismatched thymine residues or hydroxytamine 
to leaa with mismatched cytosbe lesidoes. Cleavage of the modified mismatched 
residues occurs when die modified bases are subsequently treated with pqieridine 
or another oiddizir^ agem. The effectiveness of the mctbod is s'nnilar to I^C. 
U^. j3aled>a & R.GJB. Cotton, "Chemical Cleavage of Mismatch to Detect 
Mutations." Methods in Enzymology 212, 286 (1993)] 

f^yhriH[ga| ^ Arrays : Sevml approaches U) screening for mutaiitmsi involve the 
probing <rf'a target nucleic acid by an array of oligonucleotides that can 
differentiate between Docmal wild type nucleic acids and mutant nucleic acids. 
These arrays hivolve the performance of hundreds or fhonsands of hybridization 
reactions in parallel with different dEeniirected oligonucleotides and requires 
sophisticated and costly probe arrays. Hybridization armys can identify die 
location and type of mutation in mat^r, but not all cases. For example, 
semihomologous sequential insertions or targets with repeating sequences and/or 
rq^eating sequential modfs cajuiot be analyzed by hybndizatiou. [A.C. Pease ci 
al., "Ught-CenmiKd Oligonucleotide ArtBys for Rapid DNA Sequence Analysis/ 
Proc. KaU. Acad. Sci. USA £1, 5022 (1994)3 



wo .9703000 PCT/US97/03499 

6. 

Simnle screens : For mutaiiom localized witlun a given gene, su^ as the cystic 
fibrosis AF508 deletion, h is also possible to peifonn a aingJc PGR or Ugasc daahi 
ceaction (LCR) assay or simple hybridisation assays tailored to these s^iedfic sites. 
PGR and LCR x^sults ai^ presently detennincd by the use of labeled molecules, 
S where radioactive emissionst fluorescence, chemiluminescence or color changes 

are detected directly. These sbnple screen!^ amount to a yes/no answer and do noi 
directly identify the nature of the mutation* only whether or not a reaction took 
place. [P. Fang et aL, **Simultaneous Analysis of Mutant and Normal Alleles for 
Multq}k cystic Ftbrosis Mutations by the Ugaae Cham ReactioD,' Ifoman 

10 Muiaciou 6. 144 (1995)1 

AH of the methods In usfe uxlay capable of screening broadly for genetic 
mutations suffer from technical complication and are labor aod time imensive. 
There is a need for new mediods thai can provide cost effective and expediCiou.s 
means for screemng genetic material in an effon U) reduce tnedical expenses. The 

15 invemions described here address these issues by developing novel, tailor-made 

processes that focus on the lee of mass .spaitroroetiy as a g^iettc analysis tooL 
Mass spectrometry requires minute sanq)les« provides extremely detailed 
information about the molecules being awilyzed including high mass accuracy, and 
is easily automated. 

20 The late I980*s saw the rise of two new mass spectrumctric tedmiques for 

succcsslully measuring the masses of intact very large lnomoiccid(^, namely* 
matrix^assisted laser desnptioa'ionizaiion (MALDI) Ume-of-fligfat mass 
spccuomctry (TOF MS) [K. Tanaka el al., "Protein and Polymer Analyses up to 
mil 100,000 by Laser Ionization Tni»K>f-fligbt Mass Spcdromeiryr'* Ra«>id 

25 Commtm. Mass Spectrom. 2, 15M53 (1988); B. Spengler et aL, ""Laser Mass 

Analysis hi Biology,' Ber. Bunswiges. Phys. Chem- 31. 396-402 (1989)] and 
eloctiospray ionization (ESI) combined with a variety of mass analyzers IJ. B. 
Fenn et al.» Science 246, 64-71 (1989)1- Both of these two methods are suitable 
for genetic screemng tests. The MALDI mass spcctrometric technique can also be 

30 used with meiliods other than UmeK>f-flight« for example, magnetic sector, 

Fourier-Transform, km cyclotron resonance, quadropolc. and quadropole trap. 
One of the advances n) M AU)1 analy i^ls of polynucleotides was the discovery of 
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3-hydroxypicolmic acid as an ideal matrix for nuxed4>ase oligonucleotides. Wu, 
et al.. Rapid Ccnmn'iis ia Mass Spectrometxy, 7:142-146 (1993). 

M^LDI-TOF MS involves Is&er pul&cs focused on a small sample plaic 
comprising analyte molecules (nucleic acids) eiuticdded b either a solid or liqukl 
S matrix conqirising a small, highly abf^rbiog conipouiid. The laser pulses tradsfer 

energy to the matrix causing a mtcrosct^ic ablation and concomitant ionization of 
the analyte molecules, producing a gzsecm plume of intaci, charged nucleic acids 
hi s'mgle-stranded fonn. If double^straoded nucleic acids are analyzed, Ae 
MALDI-TOF MS typically resuhs in fnosti>* dcoaturcd sii^e-strand detection. 

10 The ions generated 1^ the laser pulses are accelerated to a fixed kinetic enetgy by 
a atroDg eteciric field and then pass through an electric field-free region in \'Bcuam 
in which the ions travel with a velocily cunesponding to their respective mass-to- 
chaige ratios (m^2). The smaller mfz ions will travel through the vacunm region 
fiistcr than the larger m/z ions thereby causing a separatiozL At the end of the 

15 electric Held-free region, the ions collide with a dctecxor that generates a signal as 

each set of ions of a particular mass^to-charge ratio strikes the detector. UsuaDy 
for a given assay » 10 to 100 mass spectra resulting from indrv'idual laser pulses are 
summed rogetho^ lo make a single composite mass specirum with an improved 
8ignal4o-noi» ratio. 

20 The mass of an ion (such as a charged nucleic acid) is n^asuted by using 

hs veloci^ to determine the mass-to-charge ratio by tnne-of-flight analysis. To 
other words, the ma» of the moleoUe directly correlates with the time it takes to 
travel from the sanqile plate to fiie detector. The entire prucess takes only 
microseconds. In an automated apparatus, tens to hundreds of samples can be 

25 analyzed per minuce. In addition to speed, MALDI-TOF MS has one of the 

largest mass ranges for mass q)ectnHn^ric devices. The current mass range fcH* 
MAl:JI-TOF MS is from 1 to 1,000,000 Daltons (Da) (measured recently for a 
protein). fR W, Nelson et al.. "Detection of Human IgM at m/z -1 MDa/ 
Rapid Commun. Klass St)ecKnHn. 625 (1995)] 

30 The perfoimanoe of a mass spectrometer is measured hy its se^ttivhy, 

mass resolution and mass accuracy. Sensitivity \h measured by the amount of 
material needed; it is generally dcsinibte and possible ^th mas;; !7)ectrometry to 
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work wills sample amouats in che femumiole and low piconiofe range. Mass 
resolution, m/Am, is the meagre of an instrjmenc's abilhy to produce separate 
signals from iofis of sixniiar masy. Mass resoJutian is defined as the mass, ro> of a 
ion signal divided by die full width of the siigiial, Am« usually measured betu'een 
5 points of half-maximum intensity. Mass accuracy as the measure of error in 

designating a mass to an ion s^l. The mass accuracy is defined as the ratio of 
the ma.s.s assignment error divided fay the mass of the iun and can be represented 
as a percentage. 

To he able to doect any point mutation directly by M ALDT-TOF mass 

10 jqiectrometiy, one wmild need to resolve and accurately measure the masses of 

nucleic acids in which a single base change has occurred (in comparison to the 
wild type nucleic acid). A single base change can be a mass difference of as iiltic 
as 9 Da, This value represents die difference between the two bases with the 
closest mass values, A and T (A = 2 '-deoxyadenosine-S '-phosphate = 313.19 Da; 

15 T = 2'-deoxyth>'niidine-5'-phosphate = 304,20 Da; G = 2*-<lcoxyguanosme-5*- 
phosphate « 329.21 Da; and C » 2'-deoxj'cytidine-5*-phosphate = 289.19 Da). 
If during the nmtaticin process, a single A dianges to T or a single T to A. the 
iittuant nucleic acid cuntnimng ibe base tiansiverMon wiU eilher decrease or 
increase by 9 in total mass as compared to the wild type nucleic acid. For mass 

20 spectrometry fo diiecdy detect diese tnmsversions, tt must dierefoic be able to 
detect a rotnimnm mass char^. Am, of approximately 9 Da. 

For example, in oider to fully resolve (which may not he neces^iy) a 
point-ramatcd (A lo T or T to A) hcterozygote 50-base stagle-strandcd DNA 
fragmem haxing a mass, m, of --15,000 Da from its conesponding wild type 

25 nucleic actd, the required mass rcsohition Ls m/Am = 1.^,000/9 <^ 1 ,700, 

However, the mass accuracy needs to be significandy better than 9 Da to increase 
quality assurance and to prevent ambiguities where the measured mass value is 
near the half-way point between the two them:etical masseb« For an analyte of 
15,000 Da, \n practice die mass accuracy needs to be Am - ±3 Da = 6 Da. In 

30 this case, the absolate mass accuracy required is (6/lS,0U0)*l(K] ^ 0.04%. Often 

a distinguishing level of mass accuzacy lelative to another known peak In die 
spectrum Is sufficient to resolve ambiguities. For exan^le, if there is a known 
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mass peak 1000 Da from Qie trcuiit peak id qoestion, tlie relative position of the 
unknown to the kdown peak may be known with greater accuracy than chat 
provided by an absolute » previous calibration of die mass .speccrometer. 

In order for mass spectrometry to he a useful tool for screening for 
niuiations in nucleic acids, several bas^ic requirements need to be met. First, any 
nucleic acid^ to be analyzed must be purified to the extent that minimizeisi salt ions 
and other molecular contaminants that reduce the mxensity and qualit>' of the mass 
speciTumetric signal to a point where eidter the signal i$ undetectable or 
unreliable^ or the mass accuracy and/or resolution is below the value necessary to 
detect ^nglt base change mutations. Second^ the size of the nucleic acids to be 
analyzed must be within the range of the mass specirnmetry-wheie there \:i the 
necessary mass resolution and accuracy. Mass accuracy and resolution do 
sjgnificandy degrade as the mass of the anatyte increases; currently this is 
especially significant above approximately SO,OOD Da for oligonucleoiid^ ( - 100 
bases) Thhd» because all molecules widiin a sample are vLwlized during mass 
spectrometric analysis (i.e. it is not possible to selectively label and visualize 
certain molecules and noi others as one can with gel electrophoresis methods) it is 
necessary to partition nucleic acid samples prior to analysis in order to remove 
unwanted nucleic acid products from the qiectram. Fourth^ the mass 
spectrometric methods for generalized nucleic acid screening must be effictent and 
cost tffective in order to screen a huge number of nucleic add bases ia as tew 
steps as possible. 

The metfuids for delisting nucleic acid mutations known in the art do not 
^tisfy these four requirements. For esampJe. prior art methods for mass 
spectrometric amiysis of DMA fragm^ have focussed on double-stranded DNA 
fragments which result in complicated mass ^>cctnu making it difficult to xvsolve 
mass diff(»'ences betwe^ two CQmpIememaiy strands. See, e.g.. Tang ct al. , 
Sapid Common, in Mass Spedinmetiy, 8:1 S3 1S6 (1994), 

Tbm, Oisrc is a need for co^ and time eficctive m^hods of detecting 
genetic mutations using mass ^^trometty, prefieraMy MALDI or ES. without 
having to sequence the genetic mateiial and with muss accuracy of a few parts in 
10,000 or bener. 
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SUMMARY OF THE INVENTION 

The present invention provides methods of mS kits for deteciiog mutations 
in a larset nucleic acid comprising nonraoilomly fragmendng said tfl.rgei nucJcic 
acid to fonn a set of nonrandom length fragments (NLFs), determining masses of 
members (rf said set of NLFs using mass spectrometry', wherein said determining 
does mot involve: secjuencing of said cais$t nucleic acid. 

In a preferred embodiment, the method of detecting mutations comprises 
obtaining a s^ of nonrandom Icngdi fragments in single-scranded form. The 
iDBsscs of the members of the set of NLFs can be con^ar»l with Che known or 
predicted masses of a fset of NT Js derived from a wild type target nucleic acid that 
is itie wild type version of the target nucleic acid that is being screened for 
mutations. The members of the set of single-siranded NLFs can optionally have 
one or more nucleotides replaced with mass-modified nucleotides^ including raass- 
modified nucleotide analogs. Another optional aspect of the invention is the 
inclusion of internal calibrarus or internal self-calibrantx in the set of nonrandom 
leqgth fragments to be analyzed by mass spectrometi>' to provide improved mass 
aoeuracy. 

The present invention includes a number of nonrandom fragmentation 
tedmiques for nonrandomly fragmenting a target nucleic add. 

In one embodiment, the nonrandom fragmentation t«±nique compnses 
bybiidizing a single-stranded target nucleic acid to one or more sets of 
fragmenting probes to form liyhrid target nucleic acid/fragmenting probe 
c(»nplexes c(niq>riaiiig at least one doubIe^5;trantied region and at least one siiigle- 
stranded region, nonrandomly fragmenting said target nucleic acid by cleaving said 
hybrid tai^get nucleic acU/fr^^gmenting probe complexes at every single-stranded * 
legion with at least one singlc-strand-specific cleaving reagent to form a set of 
NLFs, The 5^ of fiagmcDtiiig piobcs can leave ^gle-stranded regions between 
double -stmuted regions formed by hybridization of said set of fragmemfa^ probes 
to said target nucleic acid. A single-stcanded region comprises a pofdon of a 
polynucleotide scqoen^ as small as a single phos^hodicstcr bridge, i.e. ibt 
phoqdiodlester bond across bom a nick, to 4S0 nucleotides in length. 
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The fragmenting probes are ollgntmcleotides tbni are canqslememsiy to a 
nncleotkle sequenoc of the target nucleic acid. A set of fraj^mcmmg probes caa be 
created such that the nucleoiide sequences of the members of the set of 
tiagnientmg probes represents the entire complement to the nucleotide sequence of 
the target imelek acid. For example, a set of fniginenting probes can provide 
complete complenienrary sequence to the tatgt^i nuclek acid. Akcmatively, a set 
of fragmenting probes* when hybridiTed to the target nucleic acid, can leave 
single-stranded regions, AlsOp one or more sets of fragmenting probt^ can be 
used such that the cnonbers one set of fragmenting probes contain nucleotide 
sequence.^ that ov^lap with nucleotide sequences of members of a second set of 
fragmenting pTt)bes. In yet another aspcci, ihexe are provided two sets of 
fragmeiUiiig probes, where racmbcre of the second set of fragmenting probes 
comprise ac least one single^^traoded nucleotide sequence complementary to 
regions of said target nucleic acid that are not complementary to any nucleotide 
sequences in any memhers of said first set of fragmenting probes. 

Once tlie set(s) of fragmenting probes are hybridized (o the target nudeic 
acid, the smgle-stranded regions arc cleaved using single-strand-specific cleaving 
reagents, including enzymatic reagents as well as chemical reagents. Single-strand 
specific chemical cleaving reagents include hydroxylaroine, hydrogen peroxide, 
osmhmi tetroxide, and potassium pennanganate. 

Yet another nomandom fragm^itation technique comprise provldh% a 
single-straoded targec nucleic acid» hybiidiziag the single-stranded target nucleic 
acid to one or more restriction sice probes to Tom hybridized ta]:get nucleic adds 
conq^iislng double*suanded regions where said Testrictioo site probes have 
hybridized to said single-stranded target nucleic acid and at least one single- 
stianded r^ion^ noorandomly (ragineniing the hybridized target nucleic acids 
using one or more restriction endonucleases that cleave at resaiction sites within 
the double-stranded regions. Another vari^on on this technique involves use of 
universal restriction probes cooq>risij|g two regions, the first region being single- 
stranded and compIemeatar>' lo a specific site witUn the XBrget nucleic acid, and 
the second regicm being double^stranded and containing the restriction recc^ition 
site Tor a particular class IIS resQictioti endonuctease. Qass US lestrictioti 
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endanueleasefi cleave dottble-^oranded DNA at a specific distance' from Cb&ir 

FecngniticHi site sequence. 

Anotlier l(Xhni(|Utf l\ir noT]r4ric|t>ni rragnicjiLaiiun comprises iragmeaung the 

target nucleic acid with one or more restriction endonucleases to fonn a set of 
5 NLFs. This and the other fc»rms of nonrandom fragmentation can be combined 

with direct and indirect capture to a solid support to isolate single-stranded NLFs 

for mass specirometric analysis. 

Another noxiraiidom fragmentadon technique comprises providing 

conditions permitting folding of said single-stranded target nucleic add to form a 
10 three-dimensional stmcture having imramolccular secondary and tertiary 

interactions^ and nonrandom!^ fragmenting said folded target nucleic acid with at 

least one structure-specific endonuclease to form a set of single-stranded NLFs. A 

set ot nonrandom length fragments can comprise a nested set of NLFs» wherein 

each member of the set has a S' end of the targ^ nucleic acid. The structure* 
15 specific etidonucleases useful for iK^nrandom fragmentadon comprise any inicleases 

ib2A cleave at structural transitions within nucleic acids, including: HoUiday 

junctions, single-strand (O double«strand transitions » or at die ends of hairpin 

suructures. 

Amthcr nonrandom fragmentation method comprises mutation-specnfic 
20 cleavage by bybridizii^ a target nucleic acid to a set of one or more wild ^pe 

probes and specifically cleaving at any regions of nucleotide mismat^ or base 
mismatch that form between the target nndeic acid and a wild typt probe. Tbc 
mutatm-specific cleavage can be accomplished using a mutation-sp^ufic cleaving 
reagent comprising structure-specific endonuclease or chemical reagents. 
25 The nonrandom firagmentadon methods described herein can be combined 

to form differem seta or subsets of nonrandom length fragmems. For example, 
the base mismatch nonrandom fragmentatiou method using wild type inches can be 
used in conceit with a set of nonrandom length fragments that have already been 
creating using any one of the other nonrandom fragmcnxation methods. These 
30 nonrandom fiagmemaiiun methods can also be combined with isolation methods 

designed to isolate specific sets of stngle-sirandcd nonrandom length fragmcnis, 
for example, only those NLFs derived from the -h strand of die target nucleic 
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acid. 1*bc isolation racchocb include direci capture of the set of NLFs to a solid 
support or indhcct capture of a ser of NLFs to a solkl support viz a capture probe 
capable of bixidii^ to s solid siqipurt via covalent or noncovalenr binding. Tlic 
fragmenting, wild type, lesniction site, and universal restriction probes described 
herein can be also be used as colore probes for isolating a particular sec of KLFs. 

The isolation metbods also comprise the use of a solution of volatile sails (u 
wash aw^ay undesired contambants from the set of NLFs tmcnded for mass 
det^mination in the mass spectron^ercr. The volatile salts an; useful for removing 
' background noise and can be easily removed by evaporation of the voIadJc salts 
prior to mass spectrometric analysis. Volatile sail solutions can be used in a 
varicry of different methods to prepare organic molecules such as nucleic acids and 
poJypepiides for majw spcdrometric analysis. Thus, a method is described herein 
of decreasing background noise, wherein the method comprises obtaining a saoipie 
to be analyzed by a mass spectrometer, washing the sample with a sohnion of 
volatile salts, and evaporaring the sohition of volatile salts from the samplt. 

llie fragmentation and isolation methods separately or together can also be 
combined with the use of internal self-calibiants to improve the mass accuracy of 
the mass spectrometric ar^lysis. 

The above methods, separately or in combinattnn, can also be combined 
with the use of mass-modined nucleotides and mass-modified nucleotide analogs 
incorporated in the laigei nucleic acid or a set ul NLFs to improve mass resolution 
between mass peaks. 

Kits for detecting mutations in one or more tatget nucleic acids in a sample 
ate also provided. In ptefencd embodbnems, »ich kits convulse one or more 
single-stranded target nucleic acids, one or more s^ of oligonucleotide probes, 
wherein each of said probes is complementary to a portion of said single-stranded 
target raicleic acids, arul varitjus cleaving reagents, includhig single-strand specific 
cJcaving reagents, restriction cndonucJeascs (both Oass II and Class nS), and 
mutation-specific clea\ing reagents. The oligomideoiide probes mdnde 
fragmenung probes, restriction site probes, and wild type probes. Such kits can 
also certain a matrix, preferably 3-h>'droxyplcol]nic acid. The kits may also 
contain volatile salt buffers, and buffers providing conditions suitable for tlie 
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enzymatic or chemical reactions descnbed above for noarandomly fragmenting 
taigei m^leic acid» and isolating nonrandom length Cragmecus in preparation for 
xn2iS$ spcciromeirk analysis. Additionally, Iht Iciw may contain solid supports for 
puipo^es of bsolating nonrandon) iengdi fragments. 

5 

BRIEF DESCRIPTJON OF THE DRAWINGS 
FIG. lA and IB display exao^les of r&solved nucleic acid fragments 
(DNA) in Ihe 20,000 (o 30,000 Da range using MALDI-TOF mass gjectrometiy. 
Both FIG. 1 A and IB are positive ion mass spectra obtained from 200 fmolos of 
10 DNA in 3-IIPA (3-hydroxypicoUnic acid). Each spectrum is a sum of JOO laser 

puhses at 266 nm, FIG. I A: a single-stranded 72-meT which also shows a 71 - 
mer. The FWIIM resolution Is 240, clearly resolving matrix adducts (labelled M). 
FIG. IB: 88-mer parent peak has a resolution of 330. 

FIG. 2 is a diagram illustrating the basic steps for mass spectrometric 
IS anal>'8i3 of a nonrandomly-fragtncnted, double-stnmded target nucleic acid. 

FIG» 3 is a diagram illustradng the expected mass spectrum for a 
nonrandomiy-fragmented double-stranded target nucleic acid that is a heterozygous 
mix of wild type and mutant nucleic acid where the mutation is an A to T 
transversion. 

20 PIG. 4A and 4B illustrate the ^eci on mass resohition of a mass- 

substituted base where a T l^s been replace by hq)tyi^ldeo;Qruridine during 
amplification of the motam region. FIG. 4A depicts a mass sp«:tra of a 
hctEiozygous mix of wild type and mutam where A has mutated to T. Spectral 
peaks are separated by 9 mass units. FIG. 4B dq)icts a mass spectm of a 

25 heterozygous mix of wild Qrpe and mumnt where A has mutated to T. T has been 

replaced by hept>tQ^ldeOxyuridine during amplification of the nmtam region. 
Spectra] peaks are now separated by 6S mass units. 

FTG. 5 is adiagram iUustrathig the affect of analyzing only positive ^rand 
fragmems from a heteivzygous sample In reducing the number of total fr^menu 

30 and sinqilifying the mass spectnim. 

FIG. 6 is a diagram Uhistrating the use of restriction site probes to produce 
nonrandom fragments from smgle-stranded target nucleic acid. Note Aat ]n Che 
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Step ufpurifyii^ nojuandoni leiigUi fragments, the small cleaved prober will likeJy 
be renaoved during puriffcadoD. 

FIG. 7A and R iilwitrate the use of fragmenting prcties in coigunctitm with 
single-strand-specilk endonucJease to produce nonrandom fragments from sirigle- 
stranded target nucleic add. 

FIG. Sua dhgram UlustRidng the osc of fragDKnting probes In 
coqjunction witli single-strand^spccifu:* baKe-^speciGc cbeniicai cleavage lo produce 
nonrandom bagmenis from single-siranded taiget nudek; acid. 

FIG. 9A and B illustrate the use of fFagmendng probes to produce 
nomandom fragments from hetexxx^gous, single-stranded target nucleic avid in 
ccmbinatioa with the use a mismatch-specific cleiiving reagent to ftirdicr fragment 
the target nucleic acid at the site of a mutation. 

FIG, 10 is a diagram ilhistrattng a method of detecting a mutation asing 
ma&^ ftpeciiumetric analysis of nonraodomiy fragmented mucam aod wfld-type 
doubte-straa^ nucldc acids that have been denatured and reanneaied and then 
cleaved at any mismatch regions. 

FIG. 11 is a diagram lUustranng die effKi^x of anfll>'?ing only positive 
strand fragments from a heterozygous sample in reducing the number of tocnl 
fiagmems and shnplifying the mass spectrum. In this case the positive straod has 
been nonrandomly fragmented using both restriciion endonuclease treaimem and 
mismatch-specific cleavage. 

FIG, 12 is a diagram ilhistradng the use of structures-specific 
endonudeases to nonrandomly fragmem a folded, single-stranded target nndeic 
acid. 

FIG* 13 A and B ilhistiate the use of a full Iragtb capuue probe to isolate 
and purify a set of single-stranded nonrandom leogtti fragments. Shown in FIG. 
13B mi option is a second step involving cleavage at mutatioihspecific 
mismatch, lliis mtsmatch cleavage is particularly useful for cases v/here mutant 
DNA is hybridized to wild type. 

PIG. 14 Is a mass spectrum nf a set of nonrandom length fragments from a 
target nucleic acid comaining a mutation, wherein the target nucleic acid is 
nonrandomly fragmented widi hydroxylamine follovrad by pq3eridioc^ resulting in 
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mutaciun-specific cleavage at a mismatch. This mass spectrum ilt&stiates the 
presence of a nonrandom length fragmenl of 75 ba^'es in size, lha[ results firain 
mutation-specific cleavage. 

FIG. 15 Is a mass spectrum illusiraiing hydroxylamine fraementation of a 
wild type control of the mutation-contaiiiing carget nucleic acid of Fig. 14. This 
mass spectrum iacl;^ a fragment of 75 bases in sue due to Ih^ hck of a mutation 
in the wild type target nucleic acid. 

FIG. 16 b a mass spectrum of a mutation-containing target nucleic acid 
dtat is specifically cleaved with potassium peimantganaie at the site of a base 
mismatch. 

FIG. 17 is a raasfi spectrum of a set of 5 single-stranded nonrandom length 
fragments from an MNL I digest of a wild type target nucleic acid of 184 
nucJeoddes in length. 

FIGp 18 is a magidfied mass spcctmm of two fragments, both 26 bases in 
length, identical in nucleotide sequence except fur a sii]gle G to A point mutation, 
illustrating clear resolution of the two mass peaks. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 
The pi^^nt mventton, directed Co methods of screening target nucleic acids 
to detect mutattons using mass spectromeiric techniques to analyze posc- 
amplificatkm nucleic acids p provides die advantages of technical ease, spe^. and 
higli sensitivity (minute san^les are required). The methods described herein 
yield a minimal set cf products widi improved mass resolution and accuracy and 
<tetailed iitf oranation about the nature and locadon of die 
mutadon in the target nucleic acid. 

The present inventitm involves obtaining from a target nucleic aeid« using a 
varieQr of nonrandom fragmentation techniques, a set of nonrandom lengtfi 
fm^nents (NLPs) and detiernuning dK mass of the meinben of die set of NLFs. 

The target nucleic acid can he single-atrandcd or douUe-stranded DN A, 
RNA or hybrids thereof, from any source, [vefenibly from a human source, 
aldiough any .source which one ts imeresusd in scremiii^ for mutations csan be used 
in the tnethods described herehi. When the target nucleic add is RNA, the RNA 
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Strand is cijc + strand. If desired, the large! nucleic acid can be an RNA/DNA 
hybrid, wheiein either strand cm be designate the + strand and Che otber^ the - 
strand. The target nucleic acid is generally a nucleic add which mxist be screened 
to deteraune whettier it contains a mutation. The conresponding tainet nucleic acid 
derived from a wild type source is refened to as a wild type tai^t nucleic acid. 
The uirget mielek acids can be obtained from a source sample comainii^ nucleic 
acids and can be produced from the nucleic acid by PCR amplification w other 
amplification techuique. Hie target nucleic acids are typically coo large to analyze 
' directly because cnrreis mass specirometiic mediodJSi do not have the mass 
accural' and tesoluCion neocssary to identify a single base change in moJoculcs 
hiigcr than 100 base pairs. Accordingly, the target nucleic adds must be 
fragmented. 

NtAuandom lei^tfa fragments are nucleic acitls derived by nonrandom 
fragmemation of a target nwleic acid, and can comprise regions or nucleotide 
sequences that are single-stranded or double-stranded. Due to the simpler mass 
^sectium tiiai results from mass analysis of single-stranded nonrandom length 
fragments, ii is preferred to determine the masses of sets of single-stranded 
nonrandom length fragments. The numrnidom length fragments can also contain 
mass-modifted raicleoUdes. which can enhance case of amlysuj, especially when a 
poim mutation has resulted in a very small ma.s.s change (on the order of 9 Da) in 
a nonrandom length fragm^ as compared to tlic conespondii^ wild type 
nonmndora lcng4) fragmem. The methods described herein wc mass q;>ectrom^ 
to determine the masses of the set or sets of nonrandom lengdi fragments to detect 
mutations in a target nucleic acid. 

The nonrandom fragmentation techniques of the invention are any methods 
of fragmentiiig nucleic adds that provide a defined set of nonrandom leogtli 
fragments, \<»1ierB that set of nonrandom length fragments may be reproduc9>ly 
obtained by using the same nonrandom fragmcntatiot) roediod on the same target 
nucleic acid or its wild type version. The m«bods used for oomandnm 
fragnMntation arc d^gned to c^timize the ease of analyzing the renilting mass 
specvral data by obuum^g a range of fragmem siies that avoids significam overlap 
of mass peaks. The nonrandom fragmentation techniques of the mvcntion include 
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digestion wifli restricticxn endomicleases, stnictwe-spccUio cndoiuiclea^es, and 
spedfic chemical cleitvage. Tbc (inzyiiiatic nonracdom frai^entadon Uxtizuqu«s 
include pamal digestion mth restriction cndonucleases; or stnicture-specific 
endofvicleases. Partial cleav^e occurs when not every possible cieavage site is 
cleaved ljy the cleaving reagents used, t^lietber emymatic or chemical. 

Fragmenting probes used in the invention arc nucleic acids comprising a 
single-stranded nucleotide sequence or regiun (hat is comptemeniary to a 
nucleotide sequence of a target nucleic acid. When fragmenting probes are also 
used as capture probes (i.e. to bind the fragmenting probe and any complementary 
nucleic acids hybridized thereto to a solid support), the fiagmenting probes 
comprise a first binding moiety that k capable of binding to a second binding 
moiety attached to a solid support. Upon hybridization of a set of fragmenting 
probes and a target nucleic acid, the hybrid can be nonrandomly fragmented using 
one or more cleaving reagent that specifically cleave single-stranded regions. 

Restriction site probes are oligonucleotides that when hybridized to single- 
stianded target nucleic acid at specific coraplemcrrary sequences fonn oomplete 
double-stranded restriction endonuclease recognition siK^s cleavable using the 
restriction endonuclease capable of ckaving at or near the recognition sites 
formed. 

Universal restriction probes comprise wo regions, the first region being 
single-stiranded and complementary to a specific sequence within the target nucleic 
acid« and the second region being double-stranded and containing the restriction 
lecofioltion site for a particular class IIS restriction endonuclease. 

Cnpnire probcj; ased in the methods described herein comprise fragmenting 
probes, restricdon site probesf, universal restriction probes, and any nucleic acids 
diat are bound to a solid support to isolate sets or sulssets of nucleic acids or 
NLPs, Capture probes can comprise a cleavable Unk^e or cleavable moicQ^ that 
can be selectively cleaved to release nucleic acids trrai a solid stq)pon prior lo 
mass speccrometric analysk. 

Wild typo probes are nucleic acids derived from o wild type nucleic acid 
sequence comprising at least one nucleotide sequence complementary to a 
nucleotide sequence of a tai^gei nucleic acid or a member of a set of NLPs. Wild 



WO97/33fl00 FCT/IIS97/D3499 

19. 

type ptobea can be rescriCTicn she probes, fxagmeodng probes* or cspmre probcjq 
comprising u wild type nucteoiidc sequence that wben hybridized Co a 
con^ementary mutadon-ormtaining region of a target nudejc acid results in a base 
mismatch bu^e or loop stnicnire. Wild lypc refers lu a standard or referenee 
nucleotide sequence to which variations are compared. M defined, any variation 
from wild Q'pe is considered a muiafion, including naturally occurring sequence 
pol>'morphisms. 

The tern) complementary refers Co Ihe formanon of sufficient hydrogen 
' bonding between two mickic acids to stabilize a double-stranded nucleoiide 
sequence fomied by hybridizaiiun of the two nuclcte acids, 

A single-strandcd region coniphses a portion of a nucleotide sequence thai 
ia capable of being selectively cleaved hy single-strand-specific cleaving reagents 
or stiuctuie-specific endonucleases, wherein the portion of a nucleotide sequence 
can range in size from a single phosphodiebter t^ge> i.e. the phosphodie^^er bond 
across from a nick, to a nucleotide sequence ranging from cf\e ro 450 nucleotides 
in lei^th which are not h>l3ridized Co a complementai}' nucleotide sequence or 
region. 

The types of mass spearometry used in the invemiun include ESI or 
MALDI» herein the MALDT methud may optionally mchidc time-of-dight. The 
significant multiple charging of molecules in ESI and the fad that coniplex ml;tture 
analysis is generally required mean that the ESI mass Kpectra will consist of a 
great wsu^ spectral peaks, jiossibly overlappmg and causing confusion. Because 
the MALDI MS ^proach produces mass speccta wath many fewer major peaks, 
this method is pxcfecred. 

Hie roediods desciibsd herein do not reqaire sequencing of die target 
nucleic acid (aslog Che sequencing methods that require four different base-specific 
chain cermitiation reactions to iletermine die coroploe nucleotide sequence of a 
nucleic acid) fat order tt) determine the namre and presence of a mutation within 
the target nucleic add. 

For an hmial mutation screen, a useftil range of fragment sizes that will 
allow detection of a point mutation is around 10 to 100 bases. This size range is 
wliere mass spectrometry presently has die necessary level of maj» resohition and 
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accuracy. Tbus« the frat^meiuacion methods lued in thu invention are designed to 
prochice froro Che targec nucleic acid, a sec of nonrandom JengCh fragments ranginui 
up to 100 bases in size. For purposes of this invcncion« fragmentation cnodiods 
that produce a set of random length fiagmenis arc not desirable due lo the limited 
5 reproducibility of such firagments, the limited information available from mass 

spcciroiuctry anaiysMS of such fragnieots, and die likelihood of spectral overlap 
from randomly generated fragmcncs. For example, nonrandom fragmentation 
permits determination of the mass, base composition, and location of the s^ of 
NLFs relative to the target nucleic acid, whereu6* random ftagmentdiiun methods 
10 do noL 

Existing mass spccu^ometric instrumentation in the case of MALDI-TOF 
MS optimally has a mass accuracy of about 1 part m 10,000 (0.01%), four times 
what is necessary for detecting a single base change in a SO^ase long siogle- 
strandcd DN A fraemenl* Utilization of mass-modifted nucleotides (to be described 

IS later) and nearby masses as internal calibianis, provides optimal resohition and 

mass accuracy of larger nucleic acids, and can extend the usable mutation 
detection range up to 100 bases, if not higher. Cominued advances in mass 
speccroraecric instrumentation wfil also push ttiis range bigher« 

Examples of the resolving ciq^bilities of MALDI-TOF MS are displayed in 

20 FIG. 1 A and IB. FlU. 1 sbows Che po$;itiYe ion TOF mass bpectra obtained from 

200 finoles of DNA in the matrix 3-HPA- FIG. lA {iop figure) shows two shigle- 
stranded PC^ produce of lengths 71 and 72 (mass difference = 302 Da = 
Adenosine) as well as the 72mer and 72RieT + a shtgle matrix adduct (M) (mass 
difference ^ 139 13a) to be wdl resolved (FWHM resolutioa = 240). FIG. IB 

25 (bottom figure) shows an S8 base length siiigle stranded product havhtg a 

resolution of 330. Both spectra dispby higti enough accuracj' and resolution to 
detect a point mmation if one were piesenc. 

These unique properties of mass spectrometi^, MALDI-TOF MS in 
particular, to separate nucleic acid fragments and idemiiy thecr mass exactly and 

30 the methods taught herein pro^'idc novel methods for the screenmg of target 

nucleic acids and idcnf ification of changes in base comi)OShion that might result 
from genetic moiation* 
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Improving Mass Accuiucy By Internal Caubrahun and Internal 
Self-Caubration 

Mass spectrometers arc typically calibrated using analytes of known mass. 
S A mass spectrometer caei dieii ana(y2« aii sinalyte of unknown mass yfi± an 

associated mass accuracy and pceciston. However, ihu calibration, and associated 
mass accuracy and precision, for a given mass spectroinetry system (including 
MALDI-TOF MS) can be significandy improved if analytes of Icnown mass are 
contauied withm die smpit comaimog the analyte(s) of unknovm mass(es). The 

10 ' Inchiskm of these known mass aualytcs within the sample is referred to as use of 
internal calibrams. External calitoants, Le. analytcs of known maiu xhat are not 
mixed in widi the set of nonrandom IcAgth fragmencs of unknown mass and 
simultaneously analyzed in a mass spectrometer, arc analyzed sqwatety. External 
calibrams can also be tised to improve mass accuracy* but because diey are not 

15 analyzed amuhaneously with the set of fragments of unknown mass, they will not 

increase mass aucumcy as much as Internal csdibrants do. Another disadvantage of 
usmg external calibrants is that it reqirires an extra sample to be analyzed by the 
mass specCromettr. For MALDI-TOP MS, generally only tu'o calibram molecules 
are needed for cotnplete calibration^ although sometimes duree or more ^librams 

20 are used. AH of the emhodimenls uf the invention described herein can be 

peifQimed with the use of internal caJibrant^f to provide iinpf¥>v^ mass accuracy. 

Using the methods descxibed herein^ one can obtam a n^s f^ectruro with 
numerous mass peaks corresponding to ttie set of nomandom Iragih fragments of 
the or targ^ nucleic acid under study. If no mutation is present in the target 

25 nucleic acid, all of the mass peaks correspoiKlxng to the nonrandom lengdi 

fragments SKiH be at mass-tOMchaigc ratios associamt with the of NLFs £rom 
the wDd type target nucleic acid. Howeven if the target nudeic acid contains a 
mutation, usually no more Chan one or two of the mass peaks v^lU be shifted in 
mass, leaving the majority of mass peaks at unaltered locations. In a prefixed 

30 embodiment of the invention, a se]f*calibration aEgorithm uses these unmumted or 

nonpolymorphlc NLFs for internal calibration to opnmi/e the mass accuracy for 
analysis of the NLFs cootaimog a mutatJou, Ihus requiring no added calibranKs), 
simplifying the calibcation, and avoiding potential spectral overlaps. In a given 
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smtplen however, it will sot be knowo a priori which mass peaks, if any. arc 
ahered or shifted ft<»n fteir expected masses for the wikJ type NLPs. 

The se]f-ca]ibiation algorithm begins by dividing op (he observed mass 
peaks intt) subset:;, each subset consisting of all but one or two of the observed 

S mass peaks. Each data subset has a dlffm^ one or two mass peaks deleted from 
consideration. For each wbsec, the algorithm divides the subset further into a first 
group of two OT three masses which are then i»ed to generate a new set of 
calibration constants* and a second group wh^ will serve as an internal 
consistency check cm those new ccmstants. The mtenKil consistency check begm 

10 by calcLilating the mass differ^ice between the mfz values calculabed for ihe 

second group of mass peaks and the vahies corresponding to reasonable choices 
for the associated wiid-type NLFs. Tlie immial consistency check can thus take 
fhe fomi of a chi-squarc noinimizaiioo where the key parameter is tWs mass 
difference. The algorithm finds which data subset has the lowest sum of the 

15 squares of these mass differences resulting in a choice of op(ituizcd calibratiOT 

constants associated with group one of this data subset. 

After new self-optimized calibration constams are obtained^ the roass-O)- 
charge ratios ate determined far the mass peaks omitted from the data subset; 
these are die nonrandom length fragments subletted to contain a muiation. The 

20 differences from the observed mass peaks for the wild type NLFs m then used to 

determine whether a mutation has occurred, and if so, whai the nature of this 
mutation is (e.g. the exact type of deletion* msMioxu or point mutation). This 
self-calibration procedure should yield a mass accuracy of approximately 1 part in 
10,000, 

25 

FRacmbntatiok of Tarckt Nw^xic Acids 

Fragmemaiion of a target nucleic acid is imponant for several reasons. 
First, fragmentaUon allows direa analj'sis of large segments of a gei^ or other 
target nucleic acid using a single PCR amplification, elinunaiing the need to 
30 multiplex or run separately many smaller^segmcnt PCR reactions. 

Second, sequenc'mg of diousands of bases of a gene or other target nucleic 
acid» by mass spectrom^ry or otiierwise, is a complex atid expensivt: process. 
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Wtth cuncm capabilities in MALDI and ESI Ji impractical to 'sequence nucleic 
acids greater than 50-100 bases in lei^. Conjaequentiy, in order (o rapidly 
sciten large genetic r^ions or target imcleic acids using mass spectrometric 
nucleic acid scquendng, an impractical and cumbersome number of independent 
sequencing ructions arc necessary to cover the entire genetic region of btteresi. 
Therefore, for screening large genetic regions or (argci nucleic acids for a wide 
rai^e of potential mutatiuns usii^ mass spectrometry » fragmentation of amplified 
ur^t nucleic acids ranging from 100 to 1000 base pairs (bp) facilitates faster 
screening of larger target nucleic acids or genetic regions of interest. 

Sequencing can identify the exact location and nature of a genetic mutation 
in a target nucleic acid, but requires the use of many primers in many separate 
reactions. Mutations, espec^ly (or tictcFozygous samples analyzed using 
fluoresceoce^baiied systems* arc often difficult to identify with confidence. Using 
die ftagmemation methods described herein, a beterazygnus sample would yield 
two distinct mass spectral peak&» correlating to tbe different masses of the mutant 
and wild type nucleic acids. Accordingly* the methods described herein can be 
used to detect a mutation in a urget nucleic add unambiguously. 

Third, mass spectrometric analysis of smaller nudek acid fragments, 
ranging in size from 2 to 300 bases, more preferabty from 10 to 100 bases in 
length, is desirable t>ccause the smalJer nucleic acid fragments rei^ult in: 

(a) more specific localization of Bssy mutations than tor lacger sized nucleic 
acid fragmettts, 

(b) superior mas& accuracy and resolution of lujcleic acid fragments in this 
mass range, and 

(c) a mulciplicl^ of mzsR peaks that can be used as internal self-caiibratian 
standards, ftmher improving the mass accuracy. 

For analysis with MALDI-TOF MS, the goal of fragmentation is to 
produce a sd uf nanrandom length fragments ranging in length from 2-300 bases, 
preferably from 10-100 bases in length. The rai^e of lengths serves to better 
^parate and resolve the fragment peaks in the resulting mass spectrum. 

Fragmentation of target nucleic acids larger than 100 bases: in length can be 
accofl^lisfaed usii^ a number of meaas, inchxding cleavage with one or more 
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DNA resthction endonucteases targeting ^wdTic sequences within doobte-stranded 
DNA« chemical cleavage at structure-specific and/or base-specific location!;, 
polymerase mcorpoxation of modified nucleotides that create cleavage sites when 
incorporated, and targeted sWucture-specific and/nr sequence-specific nuclease 
S ircaiment. 

An exemplaiy case is where a larger target nucleic acid» e.g. 500 bases in 
length, is nonrandomly fragmented to produce 10 to 30 nonrandom length 
fragments diat can all be hidividually resolved by MALDI-TOF tima 
spectrometry. Two diffexent oonmidom length fragments tavtng the same number 

10 of bases can still be resolved from each odier by mass spectrometry when diey 

differ in base composition and consequently in mass. Oel electrophoresis methods 
typically cannot resolve equivalent length fragments. 

For example, f or a S kilobase pair (kb) target nucleic acid to be fiilly 
ai&lyztfJ» using nonrandom tenglh fiagmenis with an average size of 30 bases, 

IS approximately 170 nomandom length fragments would need to be screened. 

Typically, the target nucleic add would be amplified by a number of DNA 
amplificaiions, - 10-20, in order to reduce the number of firagmenis to be 
analyzed in any given sample. Eadi amplified target nucleic acid product would 
be digested using restricLitm emlonucleoses, often with four-base recognition sites 

20 to produo: the optimal size fragments. It is prefwable tliat the fragmMts vary in 

size to simplify the mass spectral data, e.g. 32bp + 28bp + 27bpT37bp4 
...» althoughp as stated above, nonrandom length fragments of the same size could 
potentially be analyzed if their base compositions vary enough to minimize spectral 
overlap. 

25 A schematic of the process along with a hypothetical mass spedcum is 

shown in FlG. 2. FIG. 2 iUustrates a 161 base tai^l micleic add that has hccn 
PCR amplified and fiagmemed usii^ restriction endonucleasei^. The re^nilung 6 
nonrandom length fragments arc iHtnluced, Wheti the laser desorption process 
occurs, during MALDl-TOF mass spedromciric analy»s, the 6 double-stranded 

30 fragment are mostiy denatured and the resulting 12 single-straitded nonrandom 

leogd) fragments aic ionized and detect. Shown at the bottom of PJG. 2 is a 
snmilaied mass spectral data plot with all the mass pealu» resolved. 



WO97/Jd0OII PCT/ITS97/0J499 

As can be seen in FTG. 2 h is veiy common that rcstiicdon endomiclcase 
crcatment wilt ptx>duce a number of cotnplemencary fragments with the same 
namber of bases, e.g. two at 19 and two at 32* The presence of diese equal- 
length fragments places higher conKCiaints on rbe required resolution for 
distinguishing all of the different peaks. It is a!$o not uncommon for the two 
equal-length, complcmemary fragmcjii^ lu have identical or nearly idmical mass 
values^ leaving the possibility tb^ two complementary fiagmems will not be 
resolvable. 

Often samples will be I»(eroasygoiu, oontainhng a 50% mixture of both the 
normal wild type nucleic add and the mutated target nucleic acid. In the case 
where the target nucJcic iicid canics a mutation in a heterozygous mix, one would 
obsen'e a spUttmg of peaks within die nonrandom length fragments containing the 
mutation. An example of ibis splitting is shown in FIG. 3 where an A-T to T-A 
tiansverston or base flip has occurred in one copy of the gene. The expected 
peaks would be half nonnal height since chdr concentranons are halved xelaQve to 
homozygous concentrations. In this case, the difference between mutant and wild 
type peaks would be -9 Da which can be resolved in the 32 base long fragment. 
The presence of wild type peaks provides intmial seif-calmrant^ allowing highly 
accurate mass ditletences (as opposed to abi»lute mass) to be used to detemiine 
the base composition change. 

The methods described herein permit MALDI-TOF MS anafy&is of 
nonrandom length fragments which has a mass accuracy of ai^roximately 1 part In 
10,000. Tlie use of tntemal sclf-calSbrants mak^ it possible to extend this level of 
iccuiaqr up to and potentially beyond 30,000 Da or 1(X) bases. Ihis mass 
accurac>' enables exact sizing of nucleic ackl firagments and Ae d^rmmation of 
the presence and nature of any mutation, iziciuding point mutations, insertions and 
deletions, even in a heterozygous environment. Further described bcrem are 
methods for inq>rovii^ the rcsohition of individual fragments by means including 
elimination of equal-length complementary pairs through the use single-strand- 
taigcted fragmentation and/or isolation procediu:cs, and the inL-oqwratiM of mass- 
modified nucleotides to enhance the mass difference between similar sized 
fr^ments and/or mutant and wild type fragments. In addition, these methods 



wo 97/33000 t>CT/US97yQ3499 

26, 

provicl for (he removal of salts and ether deleter kuLs materialR as well a$ a means 
for the removal of unwanted nucleic acid fiagmenis prior to mass q>sctroscopic 
analysis. 

MASSt RENTMimoKt MA^iS AcamAC\% AND im XSsK or Mass-Modififji 
NucuxrriDfis 

Any of Che embodiments of the invention described berein opiionaliy 
include nonrandom length fragments having one or more nucleoddes replaced with 
mass-modified nncleotidcs^ wherein said mass-modified micleoiides comprise 
nucleotides or nucleotide analogs having modiflcarions that change then: mass 
relative to tiic nucleotides that they replace. The mass-modified nucleotides 
nicorporaced into the nonrandom length fragmcnis of the invention must be 
amenable to the enzymatic and nonenzymatic processes used for the production of 
nonrandom length fragments. For example, the mass^nodifi^ nucleotides must 
be able to be incoiporaled by DNA or RNA polymerase during ampliftcatitm of 
the target nucleic add. Moieovcr, the mab-s-modlf^ nucleotides must not inhibit 
the processes used to produce nonrandom Icngtli fragments, including, inier aliUn 
specific cleavage by restriction endonuclea5aes or stiuctuie-specifu: endonucleases 
and digestion by smgle-strand specific endonucleases, whenever such steps are 
used. Mass^niodifications can al<a> be incorporated in the nonrandom length 
fiagmems of the invention after the en^matic steps have been concluded. For 
example, a number of small chemicals can react to modify specific bases, such as 
tethoxal or fonnaldehyde. 

Any or all of die nucleotides in the nonrandom k»gTh fragm^ns can be 
massHnodificd, if oecessary, to increase the spread between their masses. It has 
been ^wn that modiftcations at the C5 position in p>Timidxnes or the >r7 position 
in purines do not prevent their incorporation imo growing mcleic add chains by 
DKA or RNA polymerase. [L. Lee el at. ''DNA Sequencmg whh Dye-Labeled 
Tefminators and T7 DNA Polymerase: Effect of Dyes and dNTPs on 
Incorporation nf Dye-Terminaiors ai»i Probability Analysis of Teim'matton 
Fragments" Nuc. Acids. Res. 2Q, 2471 (1992» For example, an oc^yj moi^ 
can be used in place of meii^l on thymidme to alter the mass tiy 94 Da. 
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Mass-modifying groups can be, Ibr cxaixqple, halogen^ alkylt escer or 
polyester, etber or puJyether« or of the general type XR, wherein X is a linking 
group and R is a niass-niodifying group. The roass-jnodifying group can be used 
CO introduce defined niaf» increments into the nonrandom length fragments. One 
5 of skiJ] in the art wiD recognize ttiat cfaccp are numerous possibilities for mas^* 

modifications vissfal in roodiiying nucleic acid firagments or oligonudeoiides, 
including those described in OUgonucleotidea and Analogues: A Practical 
Approach. Ecistein ed. (Oxford 1991) and in PCT/US94/D0!93, wluch are botli 
' ixwotpoialed herehi by reference. 

10 At larger noass ranges (3O,OO(HIO,000 Da), the ma&<; resohition and mass 

accuracy of cirnent MALDI-TOF mass spectromeieis will not be suf!ictenr to 
identify a sii\gic base change. For this reason, it may be preferable to increase the 
useful mass range artificially by siibstitottug standanl nucleotides witfa'm eittier a 
target nucleic acid or a nonrandom length fragment with tnass-modiflcd nucleotides 

IS having signi&antly larger mass differentials. Use of mass-modified nucleotides 

applies as well to the mass nmge below 30.000 Da. Mass modification can 
generally increase the quality of the mass spectra by enlarging tiie mass differences 
between NLFs of similar size and coniposition. For example, mass-modtficd 
nucleotides can increase the minimum mass difference between two nonrandom 

20 length fragmems that are identical in base compoution except for a single base 

which is an A m one NLF and is a T in 0ie other. Nonnaily, these two NLFs will 
dlff^ ui ma$$ by; tmly 9 Da. By iiieotporating a siqgie ma^-modiHed nucleotide 
inio one of the bases, the mass difference can be >20 Da. The spectra in FIO. 4 
depict the infhience mass^modified nucleotides can lave oo fragment resoli^on. 

25 One example of the maiqr po^xbie mass modifications useful in this invention ist 

the use of S-(2-heptynylHieoxyuridfaic in place of thymtdios. Tbe replacement of 
a metl\yl grcHip by hcptynyl changes the mass of this particular nucleotide by 65 
Da. An A u> T transversion in a nucleic acid fragment in which all thymidine 
bases have been replaced uith 5-(2-heptynyiHleoxyuridine would produce a peak 

30 shift of S6 T>a as opposed to 9 Da for the same nudeic acid riagmeots without the 

mass-modified mzcleotides. The use of mass-modified nucleotides is especially 
impoxtant in the analysis of NLFs derived from &NA. Normally^ the masses of C 
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ami II vQiy by only 1 Da» making it pracdcally bi^iossibJe to detect C lo U or U 
to C poiot mutatioiK within a givea fragment. 



Bencfito of analyzing Single-Strandq) Nucleic acids 

The goal of this invention is the accurate determination of the masses of a 
set of resolved nunnunlom lei^ fragments and correlation of this data to the 
characterization of any mutation, if present. The embodiments of diis inxxntion 
include mass spectrometric detennination of masaes of the members of a set of 
single-stranded nonrandam lengdi fragments as well as mass determination of the 
members of a set of imss^modified, double-stranded nonrandom length fragments. 
The prcfcircd cmbodimcm is lo detect mutations in a target nncleic acid 
compiising obtaining a set of nonrarKloro length fragments in single-stranded farm, 
whcfein the siqgle-stianded nonrandom leng± fragments are derived from one nf 
either the positive or the negative strand of the target nucleic acid or where the set 
is a aibset of fragments derived from both the positive and the ne^tive strands of 
the tac:g€t nucleic add. The examples of sii^e-stranded methods described herdn 
focus on fragments derived fium the positive strand. 

FIG. 2 and 3 illustrate that each double-siranded nonrandom length 
fragment, con^^risipg two complementaiy strands, produces two peaics in the mass 
spectrum C(»tc$ponding to the denaroted single strands. The additional peaks 
from doublc*strandcd nonrandcm length fragments as cmspmd to single-stranded 
nffluandom length fn^nia it M add to congestion of mass peaks in the mass spectra, 
as well as introducing the possibility that it may be extr»neiy difficuh. if not 
impossible, to resolve the complemoitaiy fragments if th^ have nearly or exaaly 
identical base compositions. Fuithermore, some portion of the double^stranded 
nonrandom leogtfa fragm^te do not fully denature, and mass peaks correspondhig 
to the double-stranded products int^casc the spectral conge^on. 

Because spi»:tra using both strands coniahi a two-fold redundancy in data» 
smu: any mutation in one strand will be present wittdn its conq>lem^, it is 
reasonable to remove one strand prior to mass q)CCtrometric analysis and still 
pmduce all of the data necessary for complete mutation analysis. For ttesse 
reasons, it is the preferred embodiment to analy/c a 5^ of single strands where 
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nly 0R8 of the two GonspJcnwntaiy sets nucleic acid fiaeinems represetuipg ihe 
fill] target setyieiKe is used. 

FIG. 5 shofws the expected spectrum if onty Ihe nonrandranfy Cragmented 
positive strand of a target nucleic acid from HG. 3 h analyzed t^^ nutss 
spectrometiy . Analysis of one of the two cotnplementary strands of the double* 
stranded noiuandom fengch fragments halves die number of expeciied peaks within 
the mass spectra, allowmg more total fragments to be resolved and the possibility 
that iOQg^ total sized target nucleic acids can be analyzed at one time. Removal 
' of one of the two strands fnnn each nonrandom length Iragineiff elimtziatcs the 
greatest souice of complicaslon for each spcctia. A number of tneihods for 
isolatiqg and picparmg both siqgie-stranded and double-stranded nonraitdom length 
fragments for mass specircmietry are desczibed iierein. 

Methods of Nonrandcai F&agmektation of Target Nvcl£ic Actus 

The methods of the mvemioQ ail involve obtaining from a target nucleic 
acid a set of resolvable^ nomandom-laigth fragments and determining the mass of 
tihe members of that set using mass spectrometry without scqtsendng the target 
nucleic acid. All of the methods describe herein involvii^ mass spectrnmetry 
lochide inter alia two types of mass spectrometry, dectrospray ionization (ESI) 
ami matrix-assi^ed laser dcsorption/ionization time-of-fltgtit (MALDI-TOF). In 
addition to the t^triction endonuclease approach tt) nxmrandomiy fragmenting a 
targ^ nucleic acid, tbac are a number of odier approaches which arc described 
below. 

NONRANDOM FRAGMENTATtON U5I\G RfsS-rRlCnON SVTE PROBES 

Target nucleic acid can be aonrandomly fragmraited uaii^ hybridization to 
nucleic acid, restrictian site p^obes followed by cleavage with one or more 
restriction cndonudoises the recognition sequences of which are contained in the 
ceshrzction site probes used. "Restriction site probes" are oligoouclecmdcs diat 
when hyt)ridized to single-stranded target nucleic add at specific sequences form a 
complete dooble-stranded recognidun site cleavabic using restriction 
endonucieases. The use of restricticm site probes is illustrated In FIG. 6* 
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Oligodcmymicteoiide and Enzyme Moieiies,'* Gene 169 (198S> (incorporated 
by reference bereixO) These universal resiriciion pnibes comprise two regions, tbe 
first regioo being singte-scraiided and complementary to a specific sequence within 
the target micleic acid, ami the second r^ioa being doable-stranded and containiqg 
the restriction recognition site for a partiojlar class IIS restriction endonuclease. 
Class US restriction endomidea^ cleave douMe-straiKied DNA at a specific 
distance from fhexr recognisioa sequence. By using dus property', and the 
universal restriction site probe design, it is possible to noorandomly fragment a 
slngle-'Stranded DNA targiet ai virtually any sequence, providing tbe means to 
better control tbe selection of fr^ent sizes. It is also pos.<(ible to mix staadaid 
restriction site probes and universal restrictim) probes in a single reaction. 

In this approach, a positive single-stranded target nucleic acid is hybridized 
to OAe or more restriction site probes that are complementary to one or more 
restriction endonuclease recognition sequences within the target nucleic acid. Upon 
hybridteation of die restriction site probes to the target nucleic acid, hybridized 
target nucleic adds are foimcd, comprising double-stranded regions where the 
restriction site probes have hybridized to tbe target nucleic acid and at least one 
siisgle-stranded region where the target nucleic acid remains unhybridizcd to a 
restriction shie probe. The double-stranded regions of the hybridized target nucleic 
acids are recognition sites for cteavage by one* (wo or more restriction 
endonucleases. After tbe formation of l^rbridizjed taritei nucleic acids, the 
hybridized target micleic ddds are dige^ with one, two or more restriction 
eodonudeases* the recognition sequences of which are contafaied within the 
double-stranded regions. 

The resulting nomandom length fragments have at leaj^t one cleaved 
restriction site oligonucleotide probe annealed. In some cases, these cleaved 
probes will be of a size too small to remain hybridized to the xarget fragment. 
These nonnutdom length fragments can either he purified with the cleaved 
restriction site oligonucleotide probes attached, or the NLPs can be purified from 
the cleaved oligonucleotide restriction site probes. Roth types of purification can 
be acccmq>]ished using a variety of techniques known in tbe art. Including 
filtration^ precipitaiion. or d]al>'sls. The preferred a^oach is to capture tbe 
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NLFs t a solid gipport. The set of ncxirandom length fragaients can be directly 
captured (o a solid support themselves using a number of means including a 
binding moiety such as biotin tacorporated at numerous base positiom tfaroug^it 
the NLF&. Or the NLFfi can be indirectly capUired to a solid support via 
5 hyhridizatitm tu one or more capture probes that is itself bound to a solid suj^ort. 

Hie csqjture probe can comprise the full-length strand of the target nucleic acid 
diat is complementary to die strand from which the nonrandom length firagmcots 
were derived. Alternatively, the capture probes can be a set of capture probes 
each Gonmining at teast one sequence complem^itafy to said nonrandom length 

10 fiagm«its. 

By combining an asymmetric amplification mdthod to produce single- 
stranded targ^ nucleic adds widi the use of restriction site probes* as described 
tterem, one can produce piedominanity the desired sei of sii^e-stranded NLf s. 
The restriction site probes used vq produce the recognition sites may copurif> with 

15 the NLFs but can be designed so ±at diey do not interfere ifcith the majority of the 
mass spectra. For example, the restriction site probes can be designed so that 
after cleavage their fmal sizes are less than 20 bases in length and dte nonrandom 
Iwgth fragments can have sizes in die range of 20 to 100 bases. 

The methods described above can also be modified with the use of 

20 uncleavable rcsuriciion probes. These uncleavable probes, synthesized with a 

restriction endonuclease resistant t»dd>onc such as phosphorotbiuale. 
boianophosphatB» or methyl phosphonate« can be used to keep tte target nucleic 
acid NLFs tethered together fbllowang restriction digest and can provide a different 
approach to purification of the NLFs. 

75 

Fragmotahon Using Fragmenting Probes and SiNGUii-S rRANi>-SFis:€i»ic 
Cleavagb 

While Oe use of restiidiun eddcmucleases in various combinations and in 
moltiple (Ugests can be an effccti^'e approach lo firagmcniadon of the wgei nucleic 
30 acid, when a target presems long sequence lengths (> 100 bases) that do not 

contain any restriction sites, alternative nonrandom fragmcotadon techniques arc 
prefenred. Long > 100 base fragmenui will be diHicuh to probe widi saflidlent 
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Tom accuracy to determine if a base change mutation has occurred. One way lu 
control the $be nf fragments is through the ose of fragmeoaqg probes and single- 
strand-s[»cific endonuclea^. 

Frugmenting probes are defined as nonrandom length* singte-^randed 
5 oligonucleotides complementary to elected regions of a single-stranded target 

nucleic acid, and are used through hybridization to define and differentiate within 
Che target nucleic acid r^ious dial are doubtenstrundcd versus regions that remains 
single-stranded. Following differeDtiation by hybridization the smgle-stranded 
regions are subjected to cleavage. As Is die c«e for all of the methods described 

10 here that utilize oligom^leotktes, the fragmenting probes may be comprised on 
DKA, RNA or modified forms of nucleic acid such as phosphorothloatcs, mectayl 
phospbonates or peptide nucleic acids, l*hree examples of single-strand-specifjc 
nucleases that can be used in these methods are Mung bean nuclease, Nucleafu* Si , 
and RNase A. These enzymes cut dAgle-stranded DNA or RNA exclusively and 

15 act as both exo- and cndooucleases. 

An exarnple of how these probes and enzymes are used follows. A set of 
fragmenting probes of d^ned size and sequence are designed to hybridiK to 
complementary regions of the taiget nucleic add. It is prefbtable that the target 
nucleic acid be primuiily if not endrdy smgle-stranded. Use of a T7 or SP6 RNA 

20 polymerase transcription system for final amplification is a simple appruach to 

prodociiig die required single-stranded target nucleic acid. Asjinuuetric PGR can 
also be utilized to produce prnrariiy single-blranded target. 

FIG. 7 sliows hnw different portions of the single-stranded target micletc 
acid ate hyt^iidized to the olig<»iuclcolidc probes, Polio^ii^ hybridization, any 

25 regions of die target nadeic acid thai remain single-stranded axe deaved using a 

sjngle-stFand-specific cndo/exonuclease» sudi as SI Nuclease^ Mung bean 
micl^se, or RNase A. The size of the sit^le-siranded region can be as small as a 
single phosphodiescer bridge, i.e. the pbo^hodiestcr bond across from a niclc. SI 
nudease ui capable of cleaving across from nicies. The end products ore double- 

30 stranded hybrids comprised of two eqi^ length strands: one stTmS is a member of 

the set of nnnratidom length fragments derived from the target nucleic acid and the 
odier strand is a member of the set of fragmeming probes, wherein said NLFs are 
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hybridized to said iFagmcfiUi^ pc(ri)e&. Either these double-stranded hybrids or 
isolated single-soanded nonrandom lengOi fragments derived frmx said tarjtet 
nucleic add can be used to MALDI-TOF mow spectrcHnelric analysis. 
Preferahly, the analysis of the singie-itrandcd nonrandom length fragxnems derived 
5 from said target nucleic acid provides a sUnplei- mass spectrum, tt should be 

noled (hat when itic ooiDplementary suands are a mixed DNA/RNA hybrid there 
will be a significant mass diffcr^ice between the two stzamis in all cases, making 
each strand more easily resolvable in the mass spectram. 

Unlike the restriction endunuclease nonrandom fragmeots^n approach, 

10 with this method it is possible to use a DNA/RNA Irj^brid providing a conx^enient 

route toward digesting the fragmenting probes after noiirandoraly fragmenting tlie 
target nucleic acid. Isolation of the set of NUs from the set of fragmoiting probes 
is another means to simplify the mass spectra. Because of the different chemical 
nature of the two strands of the hybrid* it is possible to utilize DNA- or RNA- 

15 specific enzymes to digest the fragmenting probes. As an example, DNase can be 

used 10 digest fragmenting probes comprised of DNA while leaving nonrandom 
length RNA fragments intact or RNasc can be used to digest RNA prober while 
leaving nonrandom length DNA fragments intact^ Ic is also possible to utilize 
differem chemistries to spedficaliy dlg&a one strand or the other. Tbese 

20 cjieraisiries include the use of acid to digest DNA or base to digest RNA as well 

as a mult^liclQ^ of other chemisnies that can be use to cut modified versions of 
DNA or RNA. This diffoential cutinig can be exploited to purify and analyze 
only one of tiie two strands as described in a later section. 

Thus, another embodtmenr of th'» mvention is a method of detecting a 

25 mutation in a DNA fn^ment from a DNA/RNA hybrid nucleic acid conq)risiiig 

obtaining a DNA/RNA hybrid wherein the DNA/RNA hybrid con^rises a single- 
strand of a DNA fragmem h>1)ridized to a single-strand of a RNA fragment, 
digesting the single-stnmd of RNA using a RNA-specific reagent, inchiding RNase 
or a base» determining the mass of the single-stranded DNA fragment using mass 

30 spectrometry, and comparing said mass to a mass of a wttd type single-stranded 

DNA fragment. Awther embodiment is a method of detcoing a mutation in a 
RNA fragment from a DNA/RNA hybrid nucleic acid comprising obtaimi^ a 
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DKA/RNA hybrid wherein the DNA/RNA hybrid comj»ises a single-strand of a 
DNA ftagmcot hybridized lo a smgle-straiid of a RNA fragmetit, digejuing the 
single-sirand of DNA using a DNA-specifIc reagent, hichiding DNase or an acid, 
dcteaniiring che mass of Ac shiglc-stFanded RNA fragment using mass 
qjectroindiy, and comparing said mass to a masss of a wild type single-stranded 
RNA fragmenl. TTicsc cmbodimeius can also be q>pIifM! to a see of DNA/RNA 
hybrids, and using the DNA-specific or RNA-specific digestion to leave a set of 
oonmndoro Icugrh fragnwms consisting of DNA fnignjenis or a set of nonrandom 
leogth fragments consisting of RNA fragments. 

Cbn^>letc digestion using restrictjon endonucleases produces a series of 
fragmems that can be aligned end to end but do not overlap. Wiih the use of 
fragmenting probes and single-strand-specific cleaving reagenis described herein, 
one can design a set of sequence and size specific fragracming probes thai can he 
used to produce a set of nonrandom length fragments such tfiat one or more 
members of the sec comprise a nonoverlzq^ping nuclcoUde sequence and a 
nucleotide sequence that ovcriaps with a nucleotide sequence of another member of 
the set. The example shown in FIG. 7 uses a set of sequence and size specific 
fragmenting prubes that overlap (e.g. split mto two sets of hybridization reaaions) 
to produce an overlapping set of nonrandom length fragments. The set of 
nonrandom length fragments that overlap could be nested. By using a sei of 
oveda{q)ing nonrandom lengft fragments lo screen for a mutation, one can mme 
narrowly localize the ^lon umiaining a mutation. If two ON-erlapping 
nonrandom tengfli fragments both contam the mutation. a$ is the case hi FIG. 7, it 
is dien known that the mutatimi exists within the small region of overlap. 
Conversely, if wily one of the overlying firagments contains a mutation, it is 
Imown that the mutation caniiot be in an overlapping i^n. This approach phis 
the ability to design certain fragmenting probes to be very small in size, e.g. 10 to 
20 bases (l>pica] fragmentmg probes win be any«1iere between 10 and 100 bases 
in lengd)), aUows one to probe g^c regions that are known hot «pots for 
mutation wfah greater detail. 

One variant of this method is to use siogle-strand-spoclfjc chemical reagents 
as a means forcleavhig a larget nucleic acid taigct into a sei of nonrandom ieiigth 



wo 97/33000 PCT/USM«a499 

36, 

fragments. Several base-specific clea\*age cliemistiies have bocD identified that 
cleave the nucleic add backbone m base-specific sites that are sintgle stramdod and, 
under updmal conditions, dempnscrdie zero or ulremely reduced cleavage levels 
at base-specific sites that are doubte'Stranded. As an option die ta^et nucleic acid 
S can be synthesized using one or more modified nucleotides in order to make the 

backbone more vubierablc to chemical dcavage. By wsipg fragmenting probes to 
biybridize to a target nucleic acid at all sites except the specific locations where 
deavage is desiiedt it is possible to limit cleavage to these smgle-stranded sjtes 
and create a sequence-spedfic set of nonrandom length fragments. The method, 

10 schematheed in FIG. 8, can utilize one of a nunAer of di£fer«nt diemistries that 

are known to be single-stnmd specific inchiding hydrogen petoxtde cleavage 
aod^'or 2-hydix)peroxyteirahydrofidran cleavage at C. {P. Richtcrich et al. 
Xytosinc spcdfic DNA sequencing with hydrogen peroxide" Nuc. Acids Res- 22. 
4922 (1995); G- Liang, P. Gannet & Gold "^The Use of 2- 

15 Hydioperoxyietrahydrofuran as a Reagent to Sequence Cytosine and to Probe Non- 

Watson Cridt DNA Strnduies- Nuc, Acids Res. 713 (1995)]. Target nucleic 
acids that contam cleavage-modified nucleotides can be made by incorpuratitm of 
modified nudcockle triphosphates during an anqilificatioii or polymerization st^. 
A s^nd variant of this m«hod is to create heterozygous hybrids between 

20 the wild type fragmeniing probes and die target nucleic acid. By using 

fragnientine probes conqsnsed of wild type sequence, any hybrids dial form with 
mutant sequence Dontainmg a point mutation will create a base mismatch or bulge. 
If the mutation is a smaD insertion at deletion, a looped out sequence will occur. 
Widi this faetero^ous hybrid^ it is possible to use one of the stnK:ture*specific 

25 cmgrmcs or chemistries described in the following section to create a mutation- 
specific cleavage at the site of a mutation. An example of the pattern of 
nonrandom length fragments produced is shown hi FIG. 9. This approadi 
permits detennmation of the type and location of the mutation that has occurred. 
Also as will be described, perfomiance of a mutation-specific deavagc relaxes the 

30 mass accuracy and resohnlon constraims, thus increasing the usefii! size range for 

the nonrandom length fragnraits to be analyzed wifli MALDI-TOF mass 
qiectrumedy t n range of several IrnDdied bases. 
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MUTATION-SPKCmC (XUVAGE USING SmiCIt/KE-SPECinC ENDONUa^EA^ 

Another nonrandom foigmentacion teclmiijue involves the use of jnuialion- 
speciHc glt^avay^e ac base mismatch ttgions, if presenu using stnjcriire-«specific 
endonucleases or siDgte-str2ind-s[>ecific cleavage. Creation of mssmatch region5 
requires hybridization between a mutation containing^ single-stranded laiget 
nucleic acid and a .5et of one or more sn\g1e-sa:anded complementaiy wild type 
probes derived from wild typt sequence. Wild type probes can be restriction site 
probes, fragmenting probes» or capuire probes comprisfaig wild type nucleotide 
sequMCc that wten hybridtzed to a complementary nmtaiion-containing region of a 
target nucleic actd results in a base mismatch bulge or loop structure. A base 
mismatch will be cneaied at die location of the mutation. In one embodintem, the 
mutation conrafaiii^ positive strand is hybridized to a complcmcmarj' wild-type 
probe tliat ccnnprises the entire negative strand. In the preferred embodiment, the 
complex of mmatk>n conuining positive strand hybridized to one or more 
complementary, wild type nucleic acid probes is fragmented using either 
restriction endonucleases^ or fragmenting probes coupJed with u single-strand- 
spccific cleavage reag^t. Any base mismatch regions between the set of wild 
type probes and the set of Nt Js can be specifically ckaved using odc or more 
mismatch-specific cJeaving reagents. Examples of these reagents include: 
structure-specific cndonucleascs such as T4 codomiclease RuvC, MuiY. or the 
endonuclcoJytic activity from the 5'-3* exonuclease subunit of thermostable DNA 
polymerases, single-strand-speciftc enzymes such as Mung bean nuclease, St 
nuclease or RNase A, and slngie-^rand-^^-ific chemistries such as 
bydroxylanmie» osmium teimxJde» potassium pctmanganate^ or pm>xide 
modification of unpaired bases followed by a backbone cleaving oxidation step. 

This ndsmattOHspecific cleavage is used to cleave the mutatxon^eontaining 
nonrandom length fragment at the site of the mutation, thus producing two smaller 
fragments from tiie larger niutation-<:ontaining fragment. This appcuach is an 
efficieni and simple way to identify die exact location of a mutation as well as its 
we. The mismatcli-specific cleavage used in combination with one cyf the 
nonrandom fcagmemation methods described herein can be UAed to fragmem a 
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large (> 200 bases), su^e-stnLDOtsd target nuclek acid into a set of smaller, mass 
resolvable nonrandcw length fragments. 

Like EMC and CCM, Chc mlsjnatch-specific cleavage approach uUlizcs a 
mUsmatch targeting reagent lo cut at the point of mutation. The approach 
5 described herein improves iqron the gel dccirophoreRis-baised methods by focusing 

on relatively small fragments thai lake maximum advantage of the mass 
spectrometer's ability to detect the exact size of a ftagment leacliog to the 
identification of the exact location and nature of a mutation. The EMC and CCM 
methods must be followed by DNA sequencing in order to fiilly diaiactenze a 

10 routatioD, Using the methods de^ribcd herein, a mutation in a target ouclek acid 

can be detected and its location and namrc determined without any sequencing. 

An example of how a structure-specific enzyme like 14 endomiclease Vn 
can be used for mismatch-specific cleavage is shown in FIG, 10. The first Sttp 
involves wo amplification reactions. First, a target nucleic acid suspected of 

IS coniainmg a mutation is amplified- Second, the corresponding wild type target 

nucleic acid is amplified to create wild type prob^. Hiese two amplification 
reactions can be perform^ together in one tube if the target nucleic acid is a 
heterozygous mixture of mmam and wild type. For cenain diagnostic procedures, 
it may be more efficient to produce the wild type probes separately prior to the 

20 screemng process. The next steps involve fragmentation of the target nucleic acid, 

e.g. a multiple digest of the targa nucleic acid us'mg mure than one restriction 
endomiclease^ and a step in which the fragments are mixed, denatured, and then 
annealed. The fragmentation and denaturing/annealing steps can occur in either 
order. The puxpo^ of the denaturinK/annealbig step is to produce a mixnire of 

25 liybrid targ« nucleic acids. In a 50:50 mixture of mutant target and wild type 

nucleic acids, four difTereni products result: 25% homozygous mutam double- 
stranded nunrandom length fragments, 25% homozygous wild C)'pe double-stranded 
ncmrandom length fragments, and 25% each of the two forms of heterozygous 
romant/wild type hybrid nonraiKlom length fragments. See FIG. 10 (ilJustrating 

30 die use of wild type NLFs as wild type probes to generate a base mismatch with 

muian! NLFs). The heteniryguuH noraandom lengUi fragments contain at least one 
base mismatch at the site of mutation, i.e. the pntnt(s) of sequence variation 



wo 97/33000 PCT/US97/D34» 

39. 

between routani acid wild type. The next step involves treatmenc of Ac nonrandoTn 
Jengch fngmcms with a mtonatdi-^^ific reagent thai ckaves at the siiie of die 
base mismaich in the heterozygous iimtanc/wild ^pc nourandoni iet^h fragments. 
These new cleavages (the mimbcr of cleavage events will depend on Ibe particular 
enzyiuc used) typically reduce the noiirandom length fragmat comatning the 
mutation into two snia[ler nonFandom length fragment. The 50% of the mixture 
that coDCaim the htrnioa^gouj; doubie-strandcd itucieic acid fragments with no 
mismatches will not be cleaved duiing the mutatiun-specific cleavage. 

Example schematic mass spectral plots are shown m FIG. lOB. An 
expected qxrctrum would show a leduction its the peak size of the nonrandom 
length fragment containtng the base mismatch ihat is cleaved by the sinicture- 
specific endoraiclease (e.g. peaks 32+(Mut), 32•^^Wt). 32-(Wt), and 32-<Mut)) 
and the introduction of several snmHer peaks ac lower masses ilian the mutant 
peaks rq)resentiAg the set of heterozygous mutam/\^ild type NLFs that contain 
base mismatches (see peaks 8+(Mut>, 8-J-(Wt), 11-, 21-<Wt>, 2HMut), and 
24+)- These peaks corresponding to the hctcroa^'gous NLFs containing ha$e 
mismatches are reduced in intensit)' but continue to be present since only 50% of 
the molecules exist in the heterozygous form that can undergo the mutation* 
sp^ific cl^vage. 

It is possible to bias the population of ibc different 
heteruzygons/bomo^gous forms by performing the amplifications of the target 
nucleic acid asymmetrically. Thus, one can maximize the typ^ of nonrandom 
length fragments yielding mutational data wiib the m^odty of the duplex fanned 
during die annealing process bung h^rozygous positive (+) strand mutant and 
negative (-) strand wiki type. 

While it is possible » observe similar patCOTis using gel elecirophoiesis 
techniques, the mass accuracy obtained by mass speccromctTy pTX>vides the 
advantage of accurate deiennination of the nature nf the mutation and the ability !o 
determine tfie size and order of the two nonrandom length fragmcdis created by 
the mutation specific cleavage. In tlic example in FIG. lOB, the resulting 
mismatclbi^ieciric cleavage feagmmts arc represented by sizes 8, U. 21 » and 24 
nucleotides in length. Using electrophoretic techniques, it would be impossible to 
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differentiate che two muum fonxis ac 8 aod 21 (fzagmenis 24-h ml 12- do nor 
posittsss cbe mutant base and are ktemlcal in hetemzygous forms C and D), nor 
would it be possible Ui directly diPienuine whidi fragment is upstream (toward the 
5' end) and which fragment is dowastream (lowaal the 3' end), e.g. in the positi\x 
sirand it is 8+ that i$ upstream from 24+. By providmg exact mass values, 
mass spectrometry allows these strands to be ordered based on mass value 
database comparison with the fragmenis expected from the known sequence of the 
wild type target nucleic acid. By compieteky ideDtrfying the location and nature of 
the mutatioxL this mass spectrometric method eliminates any need for sequencing 
the target nucleic acid. 

FIG. lOB shows how the mismatch-specific cleavage event adds complexity 
to the mass spectra. In the example shown» there are several locations where 2, 3, 
and even 4 different NLPs have the potential to overlap in the mass sp«:trum, 
making the full speorum difficult to resolve. Ass discussjtjd previously, and shown 
in FIG. 5, the mass spectra can be greatly simplified by p^orming the mass 
spectitTcnetric analysis on only the + or the - strands of the nonrandom length 
fragments. For example, FIG. 11 shows the set of nonrandom length ^gments 
that are derived by analydrig only the + positive strand of the mutant target 
nucleic acid. By eliminating the homozygous nunrundom length fragmeots that are 
not mutation-specificany cleaved and removing the negative strand from the mass 
spectrometrjc amlysis» the total number of nonraadom length fragments to be 
analyzed can be reduced ftom 20 to 7» with no two mass peaks having the same 
number of nudcoildes. Of course, m other situations, two peaks may be ixonx 
mmrandom length ftagmenis of ttie same length depending on the type of mutation 
present, but such stniarions will be infrequent* 

This mismatch-specific cleaviq^, like the incorporatian of mass-modifled 
nudcoddes^ extends the usable mass range of the inhial target nucleic acid for 
mass spectrom^ric analysis since the primary mass accuracy needs arc m 
detefmining ttie reduced mass of the nomandom length fragments created by the 
muiatitm-specillc cleavage and not in determinii^g the mass of tfie other nonrandom 
length fh«ments that are unaffcc^ by the mutation-speciric cleavage. 



wo 97/33000 rcr/US97/D3499 

41. 

It is DM alMr-ays necessaiy to fiiagmem the target nuckic acid in tandem 
with nusmaicli-specifK: clesvagc if die size of the no n random tei^ fragoienb 
created b^' die mismatcb-q)ccific cleavage is smalt encugh iu fall into the usable 
mass range with the necessary jnas.^ resuIuLon and acx:uracy. Target nucleic acids 
as large as 200 base pairs will yield at least one nonrandam lengdi iragroent 
crsated by Oae mutation-specific cleavage wherein the nonrandom length fragments 
can be a size less than 100 base pairs, e.g. a 2flO bp taiger miclejc acid with a 
mutation at position 135 will pmduce jiomandam length fragments of 65 and 135 
afber cleavage at the sice of base mistQatch. 

Fragmeintation Using STRucniKE^i-Eanc Esoomcl&ases w Cij?ave a 
FoiiiED TARG^rj- Nucleic Acii> 

Another comandom fragmentation method of the invention involve;; 
providing a target nucleic acid that is either a positive or a negative single-suand: 
piovMing conditions permitting foldii^ of ihe singte-stranded laigei nucleic ackl to 
form a ihree-dimcnsional structure having intramolecular secondat}' and tertiary 
interactions, and nonrand<MnIy fragmenting the folded target mK:leic acid with at 
icaat one strucmre-specific endonnclease to fonn a set of singlc-stianded 
nonrandom length firagments. A diagiam of this procedure is provided in FKJ. 12- 
An example of conditions that pccmil folding of the single-stranded target micldc 
acid are heatir\g lo denaniration followed by slow cooling to pcnnit annealing to 
fonn a IhennodynamicaDy favored sectrndary and t(7tiar>' structure. The 
structure-specilic endonucleases include: T4 endonucleaa^ Vn, RnvC, MutY, and 
the eudonucleolytic activity from the 5*-3' exonuclcasc subunil of thermostable 
DNA polymerases. 

An alternative to the use of 8ni]auit-q)ecific endonucleases is the use of 
some of the same single-strand-specirtc ciiemical cleavage procedurts describe 
earJiei in the text. Because of the higher frequency with which these nsagents 
might deave relative to the structure-specific cndonucleases» it is necessary that 
the secondary and tertiary sctuctUTK formed by the scngJe-strandcd taiRct be more 
compac:, Bmiting the access of the chemical reagents to the variow; reactive 
nucleotides. Approaches to forming ibcse more compaa structures inchide 
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and protons. For torn spcctrometric analyst, prior an paHficiilion mettods such 
as predpUation ccinbiiied ^*ich vigorous alcohol washes, filterh^ acid dialy^is, and 
ion exdiange chromatography are unsacisfaciury because tbey cannot cUimnaic 
unwanted nucleic acid liugmems and normally do ttoi remove all salts from a 
sample. Solid phase approa^es such as glass bead capture under high salt 
conditions, biotin/streptavjdm binding, direct solid«phai»» covalent linkage, and 
capture via hybridization to solid phase bound oligemic Icotide probes can be used 
tn eliminate unwanted nudeic acid fraginents but topically requhe high leveJi; of 
salt daring many of die wash seeps, rendering the products less pure and 
ctCTpiuinised for mass spcctrometric analysts. 

The purifications mediods of the present invention are better suited to mass 
spectrometrlc analysis ot nucleic acids Chan cbc prior art methods. First, the 
methods herein physically isoUttc selected sets of nucleic acids from a multiplicity 
of impurities tncludiQg undesirable nucleic acid fi^gments, proteins^ salts, that 
would Insult in a poor qualiQr mass spectrum. Second, the meihods optionally use 
a solution comprising volatile salts such as ammonium bicarbonate, dimethyl 
anomoiuum bicatbonate or timietiiyl anunonium bicarbonate in an}' of the steps, 
including hybridization^ endonudease digestion or washit^. These two differences 
are signifKwU advantages over the prior an because r (1) ptQ^sical separaUoo of the 
desired set of nucleic acid fragments for mass spcctrometric analysis is better than 
the labelling methods of the prior art that do not physically sq>arate the target 
nucleic acids from a variety of other impurities tl^ interfere with an accurate 
mass spednim: and <2) the use of volatile salts in any of tlie steps precludes die 
need for any wash step known m the prior art CO merely remove salts or imn^ganic 
ions. 

Double fttrand Fra&ment Capture Approaches 

lliere are a number of basic ways to purify DNA restriciiun products from 
solUj and odier small molecules indudrng precipitation, filtering, dialysis, and ion 
exchange chroma^sraphy. While all of these methods are effective, they are not 
all equally useful for removing amplication primers, residual DN-V i-c. genomic 
DNA, or any proteins used. In addition, none of tlie basic qiproacbes met^ all of 
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Che requiremeots cf auiomaiioxu speed and ccsc. The approach that comes closest 
IS the Ode of small ion excbaoge spin columns, which aic somewhat expensive and 
not simple 10 integrate mto an automated setup. These small ion exchange spin 
columns can, however, produce high quality nucleic acids for raa!K spec[n>mciric 
analysis. A better aUemative is the use of (magnetic) glass beads to 
capmre/precipitate nucleic acids of a specific size range and allow tbem to be 
rigorously washed. However, this method, like all of the odier prior ait ttiethods 
described i^ove» does not allow iW the removal of xnuncorporafed DMA primer 
since they are of the same size as the oonrandom length fragments to be analyzed 
and cannot be simply diHerentiated. 

Another general approach to purification of double-snanded fragments is to 
directly capture die target micleic acid and/or a set of nonrandom length fragments 
by one of three means: (A) hybridization to capture probes comprising a first 
binding moie(y thai specifically binds to a second binding moiety attached to a 
solid phase: (B) binding the target nucleic acid or the members of the set of NLFs 
each comprising a nucleotide sequence and a first binding moiety to a second 
binding moiet>' attached to a solid phase; or (Q direct covalem attachmeoi of the 
target nucleic add or the members of the set of NLFs to the solid support. Each 
of these methods has advantages and disadvantages. 

(A) Hybridization to solid siqiport buuiul capture probes is siniightforward« 
specific, and can be made therroodynamicaliy aiui icineiically favored by 
nptimizmg the sdze and conceniratron of the capture probes. Opdmizaiioo is 
n^^sary since the set of NLFs would generally prefer to hybridize to their 
conq^lemems rather than to the capture probes. (This a^noacb also works well 
for single-strand isolation as d^ribcd in the following secUon,) A variaiioa is U> 
bind the probes to the solul i^e af&r hybridization to target Both 
biotin/stiqnavklin and covalent appn^hes for linking the probes to the solid 
phase are teasible. The princ^ concern with this approach is that maintenance 
of die hybridization, especially during wash steps, requires rdatlvely high level of 
salts and makes it more difficult to prodice a salt-free product for mass 
speccrometrlc analysis. Solutions to this problem include the use of rclativei>' long 
c^tuie probes to increase melting temperatures or the use of voiacilc salts that can 
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be removed prior to mssR spectrometric analysis. Th D!se of volatile salts is 
described in more detail dsewheK. 

(B) Bioicn coupling to streptavldin (or avjdin) reqaires that any lazgd 
nucleic acid or nonrandom length fragment to be captured contain a bimin. ll is 
5 stiaighifor^iard lo capture the tai^et nucleic add because biotinyJated primers can 

be used in the PCR aniplificaiion. In order to capnire all of ihe fragments after a 
restriction digest, it is neccssaiy to incorpoxate biocin into all of the ftagments. 
Three possible romes for biotin labeling are, (1) the inclizsion of a biotinylated 
' nucleoside trq^hospiiatt during fragmeni synthesis, (2) the use of a DNA 
10 polymerase to fill m at 5' restriction overhangs using a biotinylated nucleoside 

triphosphate, and (3) the use of ligase to iigaic a biotinylated oligonucleotide at the 
restricced ends of the nonrandom length fragments, v^here the oligoiuicteulides hzv 
either complementary to the restriction sequence overhangs or are capabfe of blunt 
end ligation. 

IS Each of the three approaches have their problems but are feasible. Biotins 

incorporated in method (1) may Inhftiit the restrictira endonncleases lo be used and 
prex'ent the use of stiucture-specific nucleases in a second nrntatton^pedfic step 
since the bbtin may be recognized as DNA modifications to be excised. Method 
(2) is more feasible but requires a prelbninaiy cleanup step to exchange the normal 

20 triphosphates for biotinylated ones. Restriction sties are limited to enzymes that 

produce 5' overhangs. Method (3) Ls more generalizable than (2); its principal 
weakness is ccmipetitton with la^er fragmems that will want to relegaiie. 
However, this conqietztion can be overeome by using an excess of the biotinylated 
linkers. 

25 (O The approach of direct covalent attachment of NLFs or target to a solid 

sui^ort faces many of the same diallcnges as the biodn/sir^avidin approach but 
also includes the need to design specific , "hot** (i.e. fast and cirictent) bxndmg 
chemistry working with low concentrations of materia]. 

The target or members of a set of NLFs can be covalentiy attached to a 

30 solid support using any of the number uf methods commonly employed m the art 

to immobilize an oUgonuclcodde or polynucleotide on a solid support. The target 
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or ULTs covaleiuly attached to the solid suppoit ^ouJd be stable and accessible 
for base hyhrldtetioii. 

Covaleni atiacfameni of the targ^ or NLPs to tlte solid suppoit may occur 
by rcaciioa becwecn a reactive site or a binding moi^ on the solid support at)d a 
5 reactive site or another binding moiety attached to the target or I^LFs or via 

imervening linkers or spacer molecules, where the two binding moieties can react 
to fonn a covaleni bond. Coupling of a tai^;et or NLF to a solid support may be 
carried out through a variety of covaiem attachment lunctional groups. Any 
suitable functional group may be used attach the target or N'LF to the solid 

10 suppon, including disulfide, cacbanude, faydrazone, ester, N-functionalized 

thiourea, tiinctionalized maieimide, streptavidin or avidin/biotin, meicuric-suifide, 
gold-sulfide, amide, thiolester, azu, etlter and amino. 

The solid support may be made from the following matnials: cciJuIosc^ 
nitmcelhilDse, nylon m^branes. contrdlcd-pore glass beads, acrylaniide gels, 

15 polystyrene, activated dextran, agarose, pdyelhylene, funaionaUzcd plastics, 

glass, silicon, aiumfaium, steel, iron, copper, nickel and gold, Sotnc solid support 
nfflterials may require fiinctiunalizatiOD prior to attachment of ao oligomicleotlde or 
capture probe. Solid supports thai may require such surface modification include 
wafers of ahimlraim, steel, ircai, copper, nickiei, gold, and silicon. Solid xWpport 

20 maimals for use in coupling to a capmre probe include fixnctionalized supports 

such as the l.l^carhonyldiimidazole activated supports available from Pierce 
(Roc^ord. IL) or Amctionalized supports such as those commercially available 
from Chiron Corp. (Etneryville, CA). Bfaiding of a target or NLF to a solid 
siq)port can be cairiDd out by reacting a free ainiiu> group of an MniiK>-xnodifiod 

25 taisec or NIJF with the reactive imidazole carbamate of the solid support. 

Disptacement of die imidazole group results in formation of a stable N-alkyl 
carbamate linkage between the target or NU^s and the support. 

The target or NLFs may also be bound to a solid support comprising a gold 
surface. The target or NLFs Ci^n be modified at their S'-end with a linker arm 

30 tenntnating in a diiol group, and the modified target or NUF's can bo chemisorbcd 

wbh high afTmiV ontn gold sur£accs (Hcgner, et al.. Surface ScL 291:39-46 
(1993b)). 
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In an of the methods in vidiich a solid-ptaase approach used, ihe double- 
stranded jionrandooi ler^ fragments can be rigoroosly washed ic remove 
deleterious comaminams. Followitig washing ii is necessary to release these 
fragments from tbe solid support for mass spcctromccric analysis. The isolation of 
5 a set of NLFs inay \k paformsA on the same place thai is used within (he mass 

spectrometer. Both the caplure ptobc hybridization and bEotiii/stiepuvidin 
approaches can use heat and/or pH demtiiration to disrupt the oocoovaleni 
interactions and afford release of the set of NLPs bound to the solid support. 
Attematively, a cleaveibic linkage can be ]nc(»porated between the first binding 

iO nioieiy and the NLFs. Aay covalent coupling chemistry will need to be either 

reversible or it will be necessary to include a separate chemically cleavable linkage 
somewhere withJn Oie bound pnxluct. It may also be usefid to use a chemically 
deavable liidcage approach whli the biotin/strepiavidbi strategies so that release of 
the double-stranded fragments can be performed under leladvely iDiId conditions. 

15 lo all cases the cleavable linkage can be located within tte linker molecule 

connectmg die biotin and the base (e.g.a disulfide bond in the linker)^ vrithin the 
base itsdf (e.g. a more labile glycosidic linkage)^ or mthm the phosphate 
backbone Unkage (e.g. replacement of phosphate with a phosphoramidate). 
One alternative to these solid-phase approaclies described above is to 

20 capnite Ok target nucleic adds prior u> nonrandom fragmentation with one or 

more restriction endonucleaaes. Rigorous washes to ranove polyraerase, salts, 
primers and triphosphates required for amptification are followed by treatment 
with ndnima] amounts of restriction emyme under very low salt conditims. This 
mbmire is then directfy analyzed in the mass spectromeoer. Mass spectrometry 

23 can toloate salts if tbdr conceaaadons are low enough and a liniiml class of 

lestriction enzymes can woxk under very low salt conditions. 

The low salt approacli doea lunit the restriction sites that can be cleaved as 
part of the methods of detecting mutations. Many restriction endonocleases 
require a s^ficont level of gait. An atnactive alternative to limiting the 

30 restriction ecdonuclease cleavage reactions to low levels of salt is lo replace the 
salts normally used with volutile .^is. The^ salts, such as anunonium 
bicarbonate, dimecaylammonium bicarbonau: or trimethylanunonium bicarbonate. 
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can be removed prior to mass speciiuimcric; analysis through sifople evaporation, 
Evaporaiion can be aocderated by pluccmcnl of Uic sample in a vacuum, such aft 
the mass spectromKcr sample chamber, or by beating Che sample. 

5 Afproaches to Captitong Single-Stranded FRACMLm:!; 

As described earlier, analyios of single^stranded nonrandom length 
ijagments is generally preferable since it provides a complete set of data with the 
minimal number of fragments and therefore simplifies the qiectra and &cilitate& an 
bicrease in the total length of mdeic acid that can be analyzed in a shigle assay. 

10 A number of approaches, hs described above» can be taken toward the pradnction 

of single-stianded fragnents and ihcbr purification which includes the el'miinatton 
of undesircd Iragments. 

If DN A tesiriction endomicleases are used to produce die nonrandom length 
fraj^nts^ it is necessary dial the target nucleic acid have a double-siranded foim 

15 prior to restriction, or tnore specifically^ thai the nestriccion endonuclease 

recognition sites be located in double-stranded DNA. The alternative co having 
fully doublc-&lrandcd DNA prior to restriction is to hybridize restriction site 
probes to single-stranded DNA, wtiercin the restriction .site probes are 
complemoitar}' to the restriction sites for selected restriction endonucleases. 

20 The basic known methods for DNA isobiiun - precipitation, dialysis, 

filtration and cfarDmatography do not isolate singie-stmiKkd from double-stranded 
DNA. If these puriikation mediods are employed it is necessary to add a separate 
st^ where sic^le-stFand isolation is perfomsed. 

Isolation of a set of single-siRUKled NLPs can be accomplished ushig a set 

25 of c^ture probes. ''Capture probes^" are oligonucleotides or polynucleotides 

comprising a single-stranded region complementary to at least ood nucleotide 
sequence of tlie single-stranded NLFs to be isolated and a ftrst binding moiety. 
The first bbidiog moiety is capable of covalent or noncovaloit binding to a second 
biiKiing moieQ' attached to a solid support The capnire probes can con^)risc a set 

30 of capture pmbes» each of which contata^ single-stranded regions contplememaiy 

to a corresponding member of a set of A capture probe can also comprise 

a fuD-iength single-stranded target nucleic acid that is complementary to the 
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rascieotide sequences of die members of a set of HLFsi, The captnre probes can be 
bound (u a solid support using the methods described above for binding a tais^ or 
M of NLFs to a solid support. 

If restriaion endonuckascs arc used to produce nonrandnm length 
fragments front DNA, the preferred method for isolating single^strand fragments 
from ihese products is to use a select set of capture probes. In one embodiment 
Che capture probe consists of either fuJi length positive or full length negative 
strand where the strand has been modified lo contain a sofid-phase binding moiety. 
The process using Ml length negative strand modified to contain a blotio at die 5* 
end is illustrated hi FIO. 13. The capnne probe is mwle and the target nucleic 
acid is fragmented m two separate reactions. Following inactivation of the 
resiiicnion enzjmes the probe and double-stranded fragments are mixed, denaiured 
and annealed producing a hybrid product of pontive strand fiagmenis annealed to 
full length negative strand capture probe. The capnire probe can be bound to the 
so]id phase via a biotin-streptavidh) Interurtinn prior to or following of die 
IKobe/fragmcnc hybrid. Following the neoessaiy wash steps the fragments are 
released and analyzed by mass spectromecry. Optiotiaily<, the fragments can be 
probed for a mutatioD-specific base-hase mismatch and fragmented using one of 
ibe mismatch speciAc reagents described cariier. Ulustrations of the dififerenc 
spectra produced without and with the optional second step are shown in FIG, 13. 
Note diat atler mutanon-specific. mismaKh-q^ec'ific cleavage: fragments tfat are 
distal &um die solid phase bmdhi^ site will be released imo sohitlon and washed 
away« therefore, not analyzed. Lose of these ftagmems can enhance the ability for 
mass spcctrometiy to quickly and easily identiiy the site of mutadon. 

An alternative approach to using restriction endonucleascs is the use of 
fragmemmg probes. These have been described in detail above, and allow the use 
of a target nucleic acid consisting of either DKA or RNA. The final ptxxlucts, 
using fragmenting probes and sixiglc-sirand-sqpccific nucleases, are doubk-stranded 
and thus without any addidoiml steps do not themselx'es produce the set of single* 
stranded, nonrandom length fragments necessary for analyse. However, (here are 
several approaches tlut can be used to yield single-stranded nonrandom length 
fragments. 
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Tbe nrst approach for proctucii]g siaglc-suanded nonrandom length 
frngmcnlsf is useful when tbe target is RNA acd the piobes are DNA or vis» versa. 
In ihis case, the double-stranded products are RNA/DNA tiybiids and can be 
selectively treated with either a DKA or RNA specific nuclease le yield the 
5 opposite NLF intact. Acid or base treatments are also an option. The^ single* 

stranded products can Lhen be isolated using a number of conventional methods 
described above. 

A second aj^roach to producing single-stranded products for mass 
spectrometry Ls to attach the nze and sequence specific capmrc probes to a solid 

10 support before or after hybridizatitHi to the target nucleic acid and the single- 

strand-specific cleavage. Since ^ probes are bound to the xolid phase it becomes 
possible to capture, wash^ and then selectively release flic nonnindam length target 
fragments as siogle-stranded molecules. Following any wash steps, the noorandom 
laigth targa fragn^nts are removed from the solid support by denaturation of the 

15 double-scrarKfed complex. Once released, die single-stranded fragments can he 

directly anal>^ by the mass spectrometer. 

One of skill in the art will know how lo use capture prohefi to capiure 
singlC'Strands of a set of NLFs to a solid support in all the embodiments of this 
invention. For example biom^lated capture probes can be used to capuire single- 

20 stranded fragments following cleavage of the target nucleic acid with n:striction 

endonucleases (opliomlly after ncutndizing the reaction endonucleases). Hie 
use of capture probes provides a relatively high level of flexibilhy to select which 
s^ of NLf s to analyze at any given time. Large capture prohes, capable of 
hybridizing to all or several differeni frngments, can be used to capnire the 

25 fragments conelating to one strand of a largcd nucleic acid, e.g. a capture probe 

that is full length negative strand. A shon capture probe or combinatioa^ of 
shorter capture probes can be used to selectively choose panicuiar tragraents from 
cither strand to analyze in a given mass qDeco^metric sample. For example^ if 
several bagments share ahnilar sizes it might be preferable to analyze them 

30 squrately. 

As another embodiment, a full iengUi target nucleic ncid can be captured 
before festrioion digestion usii^ a capanc pjiobe that is nuclease resistant, lo this 
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case It is necessary lo modify the capture probe, typically by changing the 
backbone composition from phosphau& to a pfaospborothioate, meihyl phospbonatis 
or borano-phosphaos. [(Jhlmann and Peyman* "Antisense 01ig<^cleotides; A 
New Therapfsmic Principle/ Cfacfflical Revie^-$ 90(4):S43-584 (1990) 
(incoiporaied by reference herein)] These fonm of modification limit cutting on 
tlie probe strand, resulting only in fhe nicking of the iHrget molecule to create 
sequence-specific, noncandom lengOi fragments without creating any double 
strancfed breaks. By leaving the modified probe strand intact, it is possible to 
« qublcly capture the nonrandiHn length fragments to the solid phase and purify for 
mass Q^ectromieQie analysis. 

AO of these isolation or puriflcmion methods can be utilized in cases where 
a mutationrspodfic cleavage event is utilized. In order to present a base mismatch 
mutaifon for cleavage^ a heterozygous, dooble-siranded molecule must be prcsMt. 
Topically this means that (he fragmenting probe is ccxnposed of the wild type 
sequrace and is hybridized to the target imcleic add fragments containing the 
potential^ mutated target nucleic add. 
Voiahle Salts 

Tile methods of this inveniion include the use of volatile salts, whbh i» an 
innovative alternative to NaCl, MgC^, or other commonly used salts. Voladlc 
salts are any salts thai compter e\'aporate, leaving little or no salt residue in die 
sample to be analyzed in the mass qjectrometer, fur example* the isolated set of 
NLFs« Voladle salts useM hi the methods described faerefai inch^ 
bicacbanate» dfanediyl ammonium bicarbonate and trimethyl amraonhim 
bicaibonaie« These volatile salts aie usefbl hi maiQf difTerem aspects of the 
methods described herein, iwhidn% use in hybridizlag of nucleic acids* wasUng 
nucleic acids to remove impurities* and digestion of nucleic acids with 
end(mucleases or other enzynies. Kadier than perfonning washes at reduced levels 
of nonvolatile salts, v/bkb migin cause ihc nontandoni taigtb target fragments to 
deoamre ftom a solid support bound oligooucleotxde probe* h is a preferred 
embodiment to wash support-bound nomandum length fragments in the presence of 
xelativefy high levels of NiiHCO,, e.g. 100 mM, and then to evaporate die 
volatile salt prior to analysis by mass q)CCtiometiy. Volaiile sahs are useflil for 
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buffer exchange in all cases wheie mdeic adds arc (o be analyiced by mass 
spectroxnetiy. 

Solid phase purificadon schemes involvmg DNA h>'bridizatiQn catiimcHily 
described in rbe Jiierature do not focus on ttie removal of sails since gel 
5 electrophoresis techniques are much more U>lcraiil of sails than mass speccrometi^. 

[S. Wang, M. Krinks & M. Moos ''DNA Sequencing fit>m Single Phage Plaques 
using Solid-Phase Magnetic Ca^taie** Biotechniques IS, 130 (1995); R. 
Sandaltzopoulos & P. Becker ''Solid-Phase DNase I Footpnnnng" Boebringer 
Mannheim Biochexzuca 4, 25 (1995); both incorporated by reference herein] 

10 These methods aie primarily focus oc the removal of su:ands conqslementary (o 
template prior to enzymatic reaction and/or enzymes and urdncoiporated labeled 
nucleulides ur priraeis follomng reaction. In such schemes residual salt levels can 
be as high as lOOmM NaCl and 25 mM MgCl^. Mass specirometry is intolerant 
of salt concentrations of tlus level. [T. Sbaler et al. ''Hffect of impurities on the 

15 Matrix-Assisted Laser Desoiption Mass Spectra of Single-Stranded 

Oligodeoxynucleolides'' Anal. Ch»n. 68, 576 (1996)] The methods described 
herein using volatile salts provide an innovaihx appmach to Isolating and handling 
target nucleic acids and/or nonrandom length fragments for mass spectrometric 
analysis. 

20 The volatile salts can be removed Crom the sample prior to mass 

spcctromenic analysis by evaporation. Evaporation of the volatile salts can be 
enhanced using a var1et>' of methods, including use of vacuum, heating, laminar 
flow of a dry gas over the sm^le, or, in the case of ammonium btcarlxmaie (or 
dimcffayl- or (rimetfaylammomum bi^airbonate), reduction of die pH by addition of 

25 an acid, hicluding 3-HPA, can speed up the decomposition of the sah into 

ammonia (or dimethyl- or trimcthylammonia) and carbon dioxide. Volatile salts 
can be used in a variety of methods, beyond thuse described here, for prepnring 
sao^les of any number of organic tnolecules, inchxdmg pro^ins, polypeptides* and 
polynucleotides, for mass spectrom^c analysis. 

30 EacJi of the nonrandom fragmentation techniques described herein can be 

used in combination with any of the isolation methods also described herein. 
Moreover the nonrandom fragmentation techniques can be used in cotnbtnaUon 
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with each otber, as one of onlinai>' skill in the art using titc techoiques described 
herein how to combine the different streets of tbe invention. For exatnple^ the 
iDulalicm-specific cleavage tectmique can be cotnbined with a $ei oi cestriction 
endonuclease-cleaved NLFs. All of these melhuds and combiti&Tion.s thereof can 
optionally include ose of mass-modilied nucleotides, internal calihrams and volatile 
salts. 

The Icte dcscrftied above for tionrandomly fragmenting targei nucleic acids 
aid dciccdx^ inatad<»t8 in one or more targt^ nucleic acids can also contain a 
coDd>ination of difte-ent means of irairandomly fragmenting the tai^get nucleic 
acids a& well as different meaiB of isolating the nonrandom length fragments that 
are lo be analyzed by mass spectrometry. 

The following examples are provided to illustrate eml)odimcnts of the 
invention, but do not limit the scope of the invention. 

PXAMff.gS 

Example 1, PGR AmpliTicatlon of Source Nocldc Adds* 

KR methods liave been cxtcnsivel>' developed during tbe la:^ decade. An 
example protocol is as foOows. A sample containiAg 10-10,OOU copies of a source 
DNA molecule is mixed with two antiparalieJ DNA primers thai surround a urgeied 
sequence, e.g. the coding n^ion for a gene involved in carcinogenesis. The PGR 
mU is composed of: 8 1(1 2.5 mM deoxynudeoside triphosphates, 10 sil lOX PGR 
buffer, 10 /4l 2S mM MgCI,, 3 ^ 10^ forward primer. 3 /il lO^M reverse primer. 
03 fil thermostable Taq DNA polymerase, 64.7 iJ H^O, and 1 pi source DNA. The 
sstnq>Ie hibe is scaled and placed into a thermal cycling device. A typical cycling 
protocol is as follows: 



Step 1 


9S*C 2inin. 


St^2 


93 'C IS sec. 


5tcp3 


55'C 15 sec. 


Step4 


72*C Imin. 


Steps 


repeat Steps 2-4 35 thnes 


St^6 


72'C Suiio. 


Step? 


Stop 
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Exampte 2. Prodaction of Sin^e-Stranded Nucleic Adds by Asymmetric PGR* 
The basic PCRpcocedure can be modified in order to produce predomiiiamfy 
one <^ the two strands. Tliese asymmciric procedures involve modifying the ratias 
of Che Iwu primers, a typical ratio is 10:1. 

5 

Example 3. Production of Sngle-Stranded DNA \ia Biotinylated PGR Products. 

For the prepamion of capture probes <»ie of ttie two primers can be 
synthesized with a biotin moie^ inienally or at the 5' end of the oligomicleotide. 
FoUowing a standard PCR, the double-stranded |mduct can be bound to a solid-phase 

10 sur&ce coated widi str^vidin. For example, 10 pmol of double-stranded PCR 

product Is mixed with 5 $d MPG 1 10 mg/mlj paramagnetic streptavidin-coated beads 
in a biixlhig/washmg buffer of 2.0 M KaCU 10 mM TtisCl 1 mM BDTA, pll 8.0. 
The solution is incubated for 15 min. at rocnn temperature wi& mixing. FoDowhig 
racubation the tube is placed next to a high fvM, rare eartli magnet and the 

IS paramagnetic beads vpifb the bound biotinylaned PCR prodnct are precipitated to the 

wall of the mbe. Thesupernatamisremoved, arid the particles, outside the infhie^ 
of the magnedc fields are resuspended into binding/washing buffer. The beads and 
wash solution are mixed and then subjected once agabi to the magnetic Hekl (o 
piectpitale the magnetic particles. The siqKamtant is once again removed and either 

20 the w^h step Is repeal or die alkalhie dmaturation step commences. In order to 

release the unbk^yhited strand ftom the doi^te-stcanded product die beads are 
mixed with an alkaline deoaturation Aslution, 0.1 M NaOH. Hie beads are incubated 
at room temperanire for 10 min. whi^ denatures the PCR prodna and releases the 
unbiotinyioted produa Into solution. TIk biotinylaced strand » bound to the mastic 

25 beads Is precipitated fkm the sohiticm under the magnetic field and uiAiotii^'lated 
strand, now single-stranded, i& transfened to a new tube with the supernatant. In an 
(qniimal secondary step, the now sing]e-stranded biodnylated strand can be Ireed from 
the magnetic beads by boilmg die beads in water for 10 min and uansferrBd whh die 
new supemaiaot after magnetic preci|^taiioii of die m^netic heads. 



30 
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Example 4« Mass Modlficati n nf Target Nuddc Adds. 

Mass modification of the target nucleic acid is perfonncd during the 
anopllfication One or mart standard deDx>aiacIeosidc triphosphates are replaced 
whh modified deoxynucleoside oipbospbates. As an example thymidine is replaced 
with a 5*aikynyl-substiniied-2'-deoxyuridine triphosphate. Because d)e modified 
nucleotides may XM be efficient subsn^tes £or I>NA polymerase it may be necessazy 
to increase the concentration of che corresponding triphosphate by a factor of 2 to 100 
over iK»fmaI levels. 

Example 5* Nonrandom Fragmentallon of DouU&^traiided Target Nadetc 
Adds Using Itestriction Endonudeases 

Specifically^sized. double-srrand DKA produces produced, for example, by 
FCEt arc subjected to sequence-specific fragmentation using restriction endonudeases. 
As an example, 10 pmules of a 500 base pair PGR product is treated with one unit 
cad&of die fiequeitfly cutting enzymes Mnl 1 and HinP I in the buffer recommended 
by the enzyme supplier. The reacticm is incubated at 37'C for 1 hour, followed by 
an en^me-deoaturing hxnihation at 65'C fiv IS min. 

Example 6« Nonrandom Ftagmentadon of Single-Strauded Target Nuddc 
Adds Using Small Oligonudeotide Restriction Site Ptxibes in 
Combination with Restriction £adonudease& 

Single-stranded DNA target, produced, for example, by asymmetric PCX or 
by tte solid phase methods described in Example 3. is mixed with small 
otigunudeodde restriction probes coay>lementaiy to selected restriciion site locations. 
As an example, a set of 10 base lor« probes targeting the Has m recogniii(») 
seqtttoce, are synthcsiwi with the sequence 

(SEQ ID NO: 1) 5' NNNGGCC^IN.N 3*. where the N's are chosen to allow the 
n»trk:ti(m she probes to ftdly compiemecc the stagle-^tranded target DNA at the sites 
where the Hae m recognition site <e.g. the probe (SEQ ID NO: 2) S' 
GACOGCCAAA 3' to conq)]ement the target sequence (SEQ ID NO: 3) 5' 
•..TTTGGCXXSTC... 3'). The mixiure of target and probes, dissolved in the 
restriction hnfTcr to be used in the cleavage step* is denauned at 95"C and dien 
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incubated at 32'C (the average T„ meltiog teiiq)emare for the praises) for IS min. 
allowing the probes to anneal xo carg^ and producing a mixture of sioglc-stiandcd and 
double-stranded regions u jthin the target nucleic acid. The hybridized product is then 
cleaved at the doable-stranded sites using one or more specific restriction 
endomicleases (e.g. Hae under conditions sinular (o those described in Example 
3. 

Exnuiple7« Nourandoni FVa^entatiou of Singte-Straiided Target Nudeic 
Acids Using Fragmentation Probes in Combuiation with Single- 
Strand-SpeciHc Endonadea^es. 

Smgle-scranded DNA taisci» producedi for exanq)ie« by asymmetric PCR or 
by the solid phase methods described in Example 3, are mixed with fragmenting 
probes complementary to the target DMA. As an example, a mixture uf probes wiUi 
sizes of 24, 26, 2S» 30» 32« and 34 each with sequences complemeniary to different, 
nonovedai^g regions of the single-stranded target DNA. The mixuue of target and 
probes* dissolved in 51 nuclease digest buffer comprised of 50 mM NaAcciate pH 
4.S, 2S0 mM NaCl» 50 mM MgCl;« and 4.S mM ZnSO^^are denanired at 9S'C and 
then incubated at 55X (die average T„ for the probes) for 15 min. allowbig the 
probes to anneal to taigec and pioducing a mixture of single-stranded and double- 
stranded regions within the target nodeic acid. The hybridized product is then 
digest in the single-stranded regions using 1 U SI nuclease per /<g target DNA, 
incubated at room temperature for 30 min. 

RxatnpleS. Nonrandmn Frasmcntalion of Sii^e^Scrazided Turgel Nudeic 
Adds Using Mismatch-Specific Cleavage. 

Example 8.1. Oiemical Cleavafie at Mismatched Cvtpsine 

A heterozygous, mutation-contuiung DNA target is produced, either by I*CR 
of a betero^gous source nucleic acid or by hybridization uf wild-type probes to a 
mutation- containing stuglc-strandcd tar^t DNA, For solid phase capture and 
purification protocols the DNA probes are synthesized either chemically or 
enzyroatically in such a way as t contain biocin moieues. Ry cither route, when a 
mutation Is presem a mismatch forms between Ihc target nd wDd type. A cleavage 
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soluiion of hydroxylaniine 1$ prepared by dissolving 1-39 g of hydroxylamine 
hydrochloride in 1 .6 znL of wann H,0 followed by die drop wise addiUQii of 1 .75 xnL 
of diemy iamioe to yield a solution of pH 6. A 6 mL sample of double-stranded DNA 
comahiuig a inibmalch site is mixed widi a 20 iriL of hydroxylamine solution and die 
re&utting solution is incubated at 37C for .10 minutes. The reaction is stopped by the 
addition of 374 mL of H|0 and the Kohition is removed cidier by solid phase capture 
Of the reaction products using magnetic beads with washes performed in a similar 
manner to Chat described in Example 3 or by multistq) ccntrifixgatkm in a Microcon- 
' 30 uhxafiltration unit (Aroicon). The reaction products are redis«sol\'ed tn 45 mL of 
H,0 and 5 mL of piperidine is added. The isnhition is incubated at 90C for 30 
minuter and then placed on ice to cooL A 300 mL portion of II,0 is added and 
5anq)lcs are eitto* evaporated to diyness or purified by one of the two methods 
described in Bicaraples 9 and 10. 

A typical mass ^secirum obtained from the hydroxylamine fragmentation at 
a point nrniation is diown m PIG. 14. The source DNA in this case is a section of 
the coding sequence fiH* the p53 gene. A 134 base long PGR produa is produced as 
in Example 1, amptiQring p53 from codon 18S to 233 coniabiing a heterozygous point 
mutation in codon 213, COA- > TGA, The forwani primes containing a 5'-biodn and 
a chemically i^ile linker widun die primer, the reverse tmmer being a siandaid 
oUgcmucIeotide. The mistnatcb contafaiing PGR. product is treated with hydroxylamine 
as described above* cJcavix^ die mismaicb at C in codon 213. The product is 
purified as described bi Qtampk 10, ami ao^yzed as described hi Example. II. A 
strong peak appears at the mass conelatii^ to a product 75 bases in site ideoti^'ing 
that a C is present in a mismaldi in the first pusitton of codon 213. An analysis of 
rautaiionrfinee wild t>pe« shown in FIG. 15. contams no mismatch and therefore no 
cleavage occurs. 

Example &2. Che mical Cleavage ac Mismatched Thymine 
DNA is obtamcd in a shntiar manner to Euimple 8.1. The modificaiion 
reagent is a 20 mM solution of KMnU, in deiotu2ed HjO. To 6 mL of double- 
stranded DNA containing a mismatch site is added 14 mL of the modificariun 
reagein. The solution is mixed gently at room temperatuie over the course of two 
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mimtes during wbich time the sohition turns slightly bmwn. A 20 mL portion of a 
solutioii coDsLsdng of t.2S M sodhitn acetaie pH 8.5 and containing I M 2- 
mercaptoethanol is added to stop the reaction, which lesults in the solution becomit^g 
immediately colorless. A 360 mL portion of lUO is added and the solution is either 
5 spun through a Microcon-30 ultrafiltration uniL 2X» collected, and then evaporated to 

diyness or taken through a solid phase capUire and wash protacol. The DNA is 
redissotved in 43 nriL of H,0 and 5mL of pipendine is added. The resulting sohition 
is heated to 90C for 30 mimiiea and then placed on ice to cool. After it cools, the 
solution is diluted by the addition of 300 mL of H^O and then cvi^raied to dryness. 

10 As an alternative the cleavage products can be purified by one of the two tnethods 

described in Examples 9 and ID. 

A typical mass f^ectnrai obtained from the KMnO^ fragmentation at a point 
mutation is shown in HG. 16. Tlie source DNA in this case is a section of the 
coding sequence for tiie p53 gene. A 134 base long PCR product is produced as in 

IS Example 1, amplifying pS3 from codon 188 to 233 conuinhig a heterozygous potitt 

mutation in rodon 213 . CCA- > TGA. The forward primer containing a S'^-biotin and 
a chemically labile linker wi±te the primer^ the reverse primer being a standard 
oligonucleotide. The mismatch containing PCR product is treated with KMnO^ as 
described above, clc:amg the adsmaldi at C in codon 213. The product is purifjed 

20 as described in Example 10, and analyzed as described in Example 11. A strong 
peak appears at the mass correlating to a product 75 bases in size identifying that a 
T is present ma mismatch m the first position of codon 2 13. Based on the data from 
the analysis in FIG. 14 and FIG. 16 it is possible to confirm that a C->T muuttiun 
has occurred in this p53 sample, 

25 

£xample 9. Purification of Nonrandom Length Fragments Using Captin^e Probes 
Nonrandom fragment an: puriHed by nnre^iling a capture probes, llie 
capture probe or probes consists of a sequence or sequences compicmentar>' to die 
selected targ^ mmrandom length fragments. One method uses the a full let^ 
30 capture probe prepared as described in Example 3^ another uses a number of 

chemically synthesized capmre probes prepared M^itfa biocin covalently attached. For 
Cither method the procedure is idcniical. A 10 ^^L sample containhig a single bdl- 
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length biotmylated cq)tucc probe or a mixiare of smaller* symhetic, biotiiiylatui 
capcirre probes is miwd with 10 fiL of nonrandoui fragmenis m an annealing buffer 
consistiug of SUUmM NaCI, lOmM Tris, and ImM CDTA pH 7.5. The mixoire i.s 
heated in a boiiing'UjO bath for 10 min, and then ^ickly placed in an ice-ILO bath. 
5 The mixture is then transferred to a pre-heated Chexmal block ai 42 *C (the 

tempcratutc is adjusted depending <m the of ihc capture probe or probes) and 
incubated for 1 hour. The solution is then allowed to cod and then mixed with 
strepiavidin-Goaced magnetic beads. Bmding to the beads take^ plac^ according to the 
' procedure described in Example 3« After the binding step, in ptacc of the alkaline 

10 denatnration step, ibc botmd. hvbridi^ nonrandmn fragments are wa^cd whh a 

volatile buffer sudi as 1 \f NH«HCO|. After 6 cycles of resuspensicm in I M 
NH«HCX)3» magnetic precipitation, and removal of the supernatant, the beads are 
resuspended in 10 iiL of deionizcd H;0 and heated to 65T for 5 nain. in order to 
release the nonrandom fragments from die bound biotiiQflatfid strand. Hie beads ate 

15 quickly prcc^itated from the waim sohition and the si^ematant contahung the 

nonrandom fragments is transferred to another mbe. Tbe solution of nonrandom 
fiagments is dried to remove excess volaUte buffer and then analyzed by mass 
spectrometry as described in Exaaq>le 11. 

An example of capture and analysis of nonrandom leqgtb fragmeott is shown 

20 in FIG. 17. The source DNA in this case is a section of the codiog scqumce for the 

p53 gene. A 184 base long PCR product is produced a^ in Example U amplifying 
p53 fiom codon 232 to 292 containing a heterozygous pohtt mutatioa in oodon 248, 
COO->CAG. The double-stranded PCR product is digested using the restriction 
tazywit Mnl 1 under conditions described in Example S. A &U length capture probe 

25 of tbe negative strand is fffoduced as in Exanq>le 3. and the nonrandom length 
fragments derived from the positive stmnd oie captured and purified as described 
above. Hie purified single-stiaixied fragmems are analyzed as described in Exanqile 
11. Shown in FIG. 16 are the S slngie-stranded positive fragments produced from 
an Mnl I digest of die wild type 184 base long PCK product. By performing single- 

30 scranded jsoladon the five similarly sixed negative strand fragments are elhninated 

from the spectra and all of the fragments are fully resolved. 
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SbwD in FIG. 1 8 is a magnificadon of tbe spectra uamining the 26 base long 
fragment tbat« ill (he heterozygous mutation ease, contains the G->A mismatch. 
Shown are two clearty resolved peaks with a mass difference of 16 Da, cxocfly the 
difference between Q and A and thus confinnmg the presence of a imiiation. The 
5 third smaller peak correlates V3 a salt adduct of die high mass 26 base product and 

emphasizes the need for a process that stripgently removes salt prior to analysis. 

Example 10« AltentativePiiiification Method far MismalchrSpecillc Nonrandom 
Length Fragments* 

10 

The purification of nonrandom fragments dtat were produced by a putatioo- 
specific cleavage, e.g. chemical cleavage at misnatch sites, can be achieved in an 
alteroadve way. In this case the frngmeniaiion is pcrfoimcd un a PGR product that 
has one soUd- phase capturabie strand, e.g. coniaioing biotin, and lh«t is also abb to 

IS be cleaved from the solid stq)port« e.g. a bridging phosphorothioate linkage contained 

in the pruner region [Mag ec aL, Nucleic Adds Res. 19(7): 1437-1441 (1991)1. As 
an example of this method, a PCR reaction is performed as described m Example 1, 
but with one of the primers comaining a .S^-end biodn modification and also a 
bridging piiosphorothioate linkage located 3-5 bases from (Ite 3'-end, and ibe other 

20 primer a nomial one. Afcer anqdification the PCR product is subjected to a mutation* 

specific fragmentation cneifaod directly 5xnce» for heterozygous mutations, mismatch- 
containing heteroduplexes are formed in dai during the PCR. In order to check for 
the possibility of a homozygous mutation, the sample is mixed wifh an equal amount 
uf wild t>pe control, annealed and then subjected io the fragmentation reaction. The 

25 material recovered from the fragmentation icaciicHis is purified and made single- 

stranded by the method described in Example 3. In this case, after the denaturing 
step, the products are rdeased from die magnetic beads after ^veral H^O washes by 
treatment with 5 of 0.02 mM AgNQ) and incubating at 45*C for IS min. The 
Ag+ ions are sequestered by the addition of I fL of 100 mM DTT. The samples 

30 are dried to remove excess DTT and then analyzed by mass spectpometiy by the 

mctliod described in £xampie 11. 
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Example 11. Mass Spectrraiedry Aiialysiu. 

The imckic add saciple to be analyzed is Q^picsUy mixed with an equal 
volufHB of matrix solution consisting of 0*5 M 3-hydiuxypicolinie acid O-HPA) and 
50 toM dianunonium hydrogen cilrate. Typically a 1 portion of the ssimple i$ 
applied co the ma&s spectrometer sample stage and allowed to dry under a gentle 
stream of nitrogen gas at room teroperatuic. When the sample has complcidy dried 
to form crystals (typically 5 min.) the sample is insert*^ into the mass spectromeier 
for analysis. The usual analysis conditions employ the use of a NdrYAG laser 
operating at 266 nm with an average pulse en»gy of 50 mJ/cm^. An average of 100 
laser shots is typically used to obtam a spcctrtim. 

All publicati<ms and patent applications memioaed in this speclftcatioo are 
herein incorpor^ by reference to the same extent as if each individual pnhlication 
or patent application was ^dfically and indmdually ii»ljcat£d to be iiicoTparated by 
reference. 

The invention now being fully described« k win be apparent to one of ordinaiy 
skill in the art that many changes and modifications can be made thereto without 
departing from Ihe spirit or scope of the invemlon and tlie appended claims. 
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SEQOKNCjf! iilS'l'lNG 
ri) GENERAL U^FCiU4ATlDN : 

(i) APPLICAKT: MOKFORTS, JOSEPH A. 

SHALER, THOMAS A. 
5 TAK, YUPING 

B2CKER, CHRISTOPHER H. 

(ii) TITLE 0? INVENTION: MET30DS OF SCREENING 
NCCLEIC ACIDS USING MASS 

10 SPECTR0r43TRy 

OF SEQUENCES: 3 

(iv) CORHESFONDEMC& ACDRBSS : 
15 (A) ADD3iSSSEEt CCOLEY GODWARD LLP 

tB) STR3ET: FIVE PALO ALOTO SQUARE 
30 DO EL CAMINO REAL 

(C) CITY: PALO ALTO 

(D) STATE; CALIFC3NIA 
20 (E) COUNTRY: USA 

(F) ZIP: 94306 

(vl COMFL^BR READABLE FORM: 

(A) MEDIUM TYPE: S'loppy disk 
25 {&) COMPUTER: IBM PC conqpa-^ible 

{C) OPERATING SYSTEM: PC-DOS/KS-DOS 

(D) SOFTKARE: Patentin Release «1.0, Version 

#1.25 

30 (Vij CURRENT APPLICATION DATA 5 

(A) APPIjICATION NUMBER: 
(By FILING DATE; KARCH 4, 1997 
(C) CLASSIFICATION: 

35 (Vii) PRIOR APPLICATON DATA 

(A) APPLICATION NUMBER: 60/012 ,752 
(3} FILING DATE: MARCH 4« 1996 

(vlii) ATTORNEY/AGENT INFORMATION: 
40 (a; NAMKi JACiaB N. NAXAMURA 

(3} REGISTRATION NUMBER: 35,966 

(C) REFERENCE/DOCKET NUMBER: GNTR-001/01V70 

(ix) TELECOMMUNICATION INFORMATION: 
45 (A) TELEPHONE: 415-843-5214 

(B) TELEFAXc 414-857-0663 
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(2) INFORKATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS : 
•:a> lengths 10 nucleoLidea 
{Bl TYPE: nuclesir acid 

ic; STRANDEDNESS : Single 
(d; TOPOLOGY: linear 

(ii) MOLECULE TYFR: DNA, RNA 
{iiij HYPOTHSTICAl.: YES 

(iv) ANTI -SENSE: NC 

(v) FEATDSlEs 

(A) NAME /KEY: 

(B) lXX!ATrON; 

(vi) SEQUENCE CESCRIFTION? Q3Q ID NO: 1; 
NKKGGCCNNN 

<5> INFORMATION FOR SEQ in NO: 2: 

(i) SEQUENC2 CHARACTERISTICS: 

(A) LENGTH: 10 nuclec tides 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
(D; TOPOLOGY: linear 

XOLECULE TYPE: DNA, RNA 

(ill) KYPCTEETICAL: YES 

(iv) ANTI-SENSS: NO 

(v) FEATURE : 

(A) NAMS/KEY: 
IB) IjOCATION: 

(vi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
GACRGCCAAA 



(4; INFORMATION FOR SEQ IC NO; 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 10 nucleotides 
<S) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) iX^POLOGY: linear 



(ii) MOLECULE TYPil: DMA, RNA 
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{iii) KYPOTHETTCAK: YR55 

(iv; AKTI-SENSE; NO 

(vj FEATURE: 

(A) KAME/KEV: 
(Bi LOCATION: 

(vi) SEQUENCE DESCRIPTION: SEC* ID NO: 2: 

TTTGGCCGTC 
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WE CLAIM : 

1. A method of detecting mutatjoiis in a target nucleic acid comprising: 
ohcaining fvom said target nucleic acid a set of nonrandoni length fragraems 

(NLFs) in single-stranded form, wherein said set comprises NLFs 
derived from one of either the positive or the negative strand of f;aid 
target nucleic acid or said set i$ a subset of single-stranded NLFs 
derived frojn both the positive and the negative strand of said target 
micleic acid, 

determimng masses of the memben; of said set using mass spectrometry. 

2. Tlie method of claim 1 wlierein at least one member of said set of single- 
scranded NLFs optionally has one or more nucleotides replaced with mass-tnodified 
nucleoiidesi. 

3. llie method of claim 2 wherein said determimng step optionally further 
comprises 

utilizing tfltema] serf-calibrants to provide improved mass accuracy. 

4. The method of claim 3 wherein said target mideic acid is single-stranded and 
said obtuming step further comprises: 

hybridizing said smgle-strandcd target nucleic acid to one or more sets of 
fragmenting probes to foiro hybrid target nucleic acid/fragmenting 
probe complexes comprising at least one doubte-stianded region and 
at least one single-stranded r^on» 

Doorandomly fragmentii^ said target nucleic acid by cleaving said hybrid 
lax^ nucleic aeid/fragmenttng probe conq>l6XBS at every single- 
stranded r^on ivith at least one single-strand-^ifjc deaviiq; reagent 
to form a set of hHJ^s. 

5. The method of claim 4 whcmn said set of fragmentirig probes leaves single- 
Stranded fnaps between duuUe-strandcd r^iions formed by hybridization of said set 
of fragnienUi^ probes to said target nucleic acid. 
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6. The method of claun S wherein said tiybradizmg seep further comprises: 
providing two sets of sii^le-stranded target nucleic acid and 
sepannely hybridizing a first sci of fragmenting probes to a first set of single- 

sirajided target nucieic acid and a second set of fnagmentiiig probes lo 
a secood set of siiigle-stnuided target nucleic acid, wherein said 
members ol' said sccund set of fragmenting probes comprise at Icasi 
one singlc-strandcd nucJcotidc sequence ojmplementarj' to regions of 
said largee nucleic acid that are not complementarv- ir> any nucleotide 
sequences in any members of said first set of fragmenting probes. 

7. The mctlioci of claim 6 ^^licrcin said members of said first set of frafimenting 
probes comprise nucleottde sequences that overly witti nucleotide sequences of said 
members of said second sec of fragmenting probes. 

IS 8. The method of clEum 4 wherein said siDgle*strand-specific cleaving reagent is 

a single-strand^specific eiadonuclease. 

9. The n»^od of claim 4 wherein said single-strand-spccific cleaving reagents 
are single-stiand q^ecific chemical cleaving reagents. 

20 

10. tlic method of claun 9 whereiJi said sinulc-SLrand ifpccUlc chemical cleaving 
reagents are sel«:ted from the group consi^ing of hydroxy laraine, hydrogen pero^side, 
osmium teiroxlde, and potassium permanganate. 

2$ 11. Hie method of claim 4 further comprising after said notirandomly fx^pncniing 
step: 

hybridizing one or more of said NLFs to one or more capoire probes< wherein 
said uipture probes comprise o smglc-stranded region complementary 
to at least one of said NLPs ami a Hrb-t binding moiety» 
30 binding said first binding moiet>' to a sectind binding moiet>' attached to a 

solid support, wherein said binding occurs eidier befoie or after saki 



5 
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hybridizing of said fUJFs to one or more capture probes, isolatins a set 
of siiigle-siianded NIJFs. 



12. The method of claim 4 wherein said fragmenting probes comprise a single- 
slraittled nudeoiide sequence and a first hiixlijig inuit^y, further comprising: 

alter said nonrandomly fragmenUng step, biiKimg said Tirsx bindbg moiety to 

a second binding moiety attached to a solid support, and 
isolating said set of single-stranded NLFs. 

13. The method of claim 3 wherein said obtaining step furtlKrr comprises: 
nonrandomly fragmenting said target nucleic acid with one or mon$ restriction 

eodomjcleases to form a set of NLFs, hybridizine one or more uf said 
set of NIJ^s or a subset thereof to one or more uUgomideoiadc probes, 
wherein each of satd oligonucleotide probes comprises a nucleic acid 
comprising a single-stranded region and a fust binding mokiy « bhuUng 
said first binding moiety to a second bfaiding moiety attached to a solid 
suppon either before or after said bybridiiing step, and isolating said 
$^ or subset of single-stranded NLFs. 

14. The method of claim 13 wherein all of said oligunudeotide probes consist of 
one or either ftill^length positive or full-lengih negative sin^^ strands of said target 
nucleic acid and a first bindix^ moiety. 

15. The method vt claim 13 wbetein said bindhig bei^'een said first binding 
moi^ and said second btoding moiety is a covalent attachmem. 

16. The medind of claim 13 wherein one binding moiety is a member selected 
from the gnmp consisting of an antibody, a hormone, an inhibitor, a co-factor 
portion, a biiuiing ligand, and a polynudeotidc sequence, and ibc other binding 
moiety is a cotresponding member selected from the group consisting of an antigen 
capable of recognizing said antibody, a receptor capable of recognizing said hormone, 
an enzyme capable of recogniziog said inhibitor, a cofaUor enzyme binding sice 
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capable of recognxzii^ said co-Iactor portion^ a subsnie capable of reco£nizing said 
bindii^ ligaod, aad a cumpleineawy polynuclcodde sequence. 

17. The method of claim 13 wherein said i&ulacing fizzihcr comprises: 
5 washing said $^ of NlJ-'s bound to said solid support wiib a solution 

cumprisii^ volaiilc salts selected from the graiq> consisting of 
ammcHDuzn bicarbonate dimetl^l aznmoniuin bicarbonate and trimctbyl 
ammonium bicarbonate. 

10 18. The method of claim 3 whercbi said target nucleic acid is singte-stranded and 

wherein said obtaining step limber con^riscs: 

l^bridizing said single-stranded target miclelt: acid to one or more restriction 
site probes to form hybridized target puclezc acids having double- 
stranded regions wiiere said resuiction site probes have hybridized to 
15 said single-stranded target nucleic acid and at least one single-stranded 

region, ncmrandomly ftagmenctng said hybridized target nudeic acids 
u^g (Hie or more restricticm endonucleases that cleave at xcstrfction 
sites within said double-stranded regions. 

20 19. The method of clabn 18 further comprising after said nonrandomly 

fragmenting step, 

hybridizmg said NLFs to one or niOTe capture probes, wherein said capture 
imbes comprise a single-stranded region cunqslementaiy to at least one 
of said NLFs and a first binding moiety, binding said first biiidtng 
25 moiety to a second binding moiet/ attached to a solid support, whereb 

saM binding occurs either before or after said hybridiziiig of said 
MLFs to one or more capture probes, isolating a set of smgle-sirandcd 
NLFs. 



30 



20. The method of claim 19 whcrem said cleaved restriction site probes comprise 
a singie^stcanded region complementary to half of a restriction endonucleasc site and 
a first binding moiety, and further comprising alter said nonrandomly fragmenting 
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Step, binding said firsc bindxiig tooiet^' to a second binding moiety attacheii to a solid 
suppon, dtM isulaiiqg a set of sii^e-stmnded NIJPs. 



21 . The nteiiiod of claim 3 wherein said target nucleic acid is single-scraxulcd and 
said obtaining step ftirther oonqsrises: 

providuig coiidiizom pcamitttng folding of said single-straiuled target nucleic 
acid lo form a thiee-dinieaMoml ^tiucture having intramolecular 
secondary ajid tertiary in^ractiom^ 
nonraiMlonily fiagIncad^g said folded target nudeic add with at least one 
Slmcture-spectfic crtUonudease to form a set of sh^le-stranded NLFs, 

modifying either said target tmclcic acid or said set of single-stranded NLFs 
such diat members of said set of sm^e-strazkJed NUFs comprise a single-stranded 
nucleotide sequence and at least <Hie first binding mcriety, 

binding said firsc binding moi^y to a second binding moiety attached to a solid 
^pfxiitf and 

isolating said set of single-Stranded NU^s. 

22. The method of claim 3 wherein said target nucleic ackl is single-stranded and 
said obtainn^ step fiirdier comprises: 

providinig conditions permitting foldiiig of said single-straiKled target nucleic 

acid to form a three-dimensional ^cture havir^ imramolecalar 

secondary and teitxaty interactionSt 
nonrandomiy fragmentii^ said folded target nocleic acid with at least one 
stmccufie-specific endomiclease to form a set of singie-siranded Nli^, 

hyhridizmg one or more of smd set of NLFs to one or more capuire probes^ 

whereui said cai^uie probes comprise a single ^j^randed noelcotide 

sequence and a first bindii^ moiety, 
binding said first binding ratnety to a second binding moiet>' attached to a solid 

support either before or after said hybridizing step« and 
isolating a set of sfatgle-stranded NLFs. 
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23. The method of cfauni 21 wbcfcin said isolaud set of saogle^stranded NLP.s 
comprise any NLFs havii^ a 5* end of saud target nucleic add. 

24. The method of claim 22 wherein said isolated %t of f;ingle'SCninilect NLFs 
S comprise any NLFi^ having a 5" end of said target nucleic acid. 

25. The method of claim 2t wherein said srructure-^pecific endomiclsase is 
selected from the group consisting of: 

14 endonudease VU, RuvC, MulY> and the endonucieolyuc activity from the 
10 5'*y exonudease subunil of thenno-stable polymerases, 

26. The method of claim 3 wherein said target nucleic acid is single-stranded atid 
wherein said obtaining step furcher comprises. 

hybridiziiig said sli^Ie-stranded target nucletc acid to one or more ^^'ild iypc 
15 probes* 

nonrandomly fragmenting said target nucleic acid with one or more mutation- 
specific cleaving reagents that speclftcally cleave at any regions of 
nucleotide mismatch that fonn between ssM target nucleic acid and any 
of sdid wild type probes. 

20 

27. The method of claim 26 wherem i<aid numandomly Cragmimting step further 
comprises: 

digesting said first set of nonrandom length fragments with one or more 
restriction endonucleases or 
25 deaving said first set of oooxandom length fragments with one or more single* 

smuKl-specific cleaving reagents. 
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28. The methckd of cisim 26 wherein members uf said $^ of singJe-struided NIJ?^ 
comprise a siogle^stxandecl rGfk>n and ai kasi one first Wodixig moiety, fiirther 
comprising after said noarandoinly fragmeotiDg step« binding said um binding moiety 
to a second binding moiety attached to a solid suppim, and isolating a of single- 
stranded NLP5. 

29. The method of claim 26 wherein satd obtamixsg step furdicr comprises: 
hybridizing meraberK of said set of NLFs to one or mart capture probes, 

wherein said capture probes comprise a single-stranded micleutide 
sequence and ai least one first binding moiety, binding said first 
bindii^ moiety to a second bmdiqg moiety attached to a solid support^ 
and isolating a set of sttighMstianded NLFs. 

30. The method of claim 26 wherein said otoimn^ step finther comprises: 
isohdi^ a set of siiqJe-straxKled NLFs conq^risins any NUFs having a 5' end 

of said target nucleic acid. 

31. A method of detecting mutations in a target nucleic acid comprising: 
nonrandmniy fragmenting said target nucleic acid with one or more restriction 

endmsideases to form a set of double-stranded NLF.s. wherein said 
nomandcmily fragmenting further comprises using volatile salts in a 
restriction bu^, determitun|[ masses of the members of the set of 
double^stnuided NLFs, niterein said determining does not involve 
sequencing of said target nucleic add. 

32. A method of delecting nouiations in a double-stranded target nucleic acid 
conqnising: 

nonrandomly fragmenting said target nucleic acid using one or more 
restrictfon endonucleases to form a first set of nonmndom length 
fragments (NLFs), 

hybridizing members of said first set of NLFs to a set of wild type 

probcs» 
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nonrandomly fn^uncmiog one or more mefnbtn of said of NLPs 
wJihone or more mutation-specific cleaving reagems tbat 

speciTicalty cleave ai any regions of nucJeocidc 
misniaich that form between members of saki tint set 
5 of NLFs and camplementary members of said set of 

wild type probes, wherein said nonrandomly 
fragmenting step forms a second set of NLFs, and 
determining masses of members of said second set of NLFs using mass 
spectrometry', wtierein said determining does not require sequencing of 
10 said target nucleic acid. 

33. The method of claim 32 further comprisiag 

obtaining said set of wild type probes by nonrandomly fragmenting a wild 
type target imcleic acid using the same restricdon cndonucleases used 
IS u> form said first set of NLFs. 



34 r libc method of claim 33 lAiierein said steps of nonrandomly fragmeniiog of 
said target nucleic acid and obtaining said set of wild type fragmeming probes are 
performed simultaneously in a single solution. 

20 

35. The n^u)d of clafan 32 further comprising before said determining step, 

isolating said second of NLPs wherein said mnnbers of said secoiKl set 
comprise double-stranded nucleotide sequences and a fir^ binding 
moiety, and binding said fu^st binding moiety to a second binding 
25 moiety attached to a solid snqipon. 



36. The method of claim 32 further comprising before said determining step, 
isolating said second set of KLFs wlierein said isolating comprises hybridizii^ 
membeis of said second set of NLPs to one or more capture probes, 
30 wherein said capture pmbeR comprise a single-stranded nucleotide 

sequence and a first binding moiety, binding said first bUKling moiety 
to a second binding moiety aitached to a $olid suiqmt. 
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37. A method of delecting mutations in a Wgti nucleic acid conqinsing: 

Dcmrandfrnily fiagmexaing said laigct nucleic acid, using a scHutioa con^ruung 
one or raore volatile salts to form a rol ofnonrandom ICAgdi fragments 
(NLFs), 

deicimming masses of members of said set of NLi^5 using majs i^cftometiy , 
vi'heiein said detenninlng does not involve sequencing of said target 
nucleic add. 



38. A method of decreasing badcgiuund noise t-onqsrising 
obtaining a sixdple to ht atsUyzed by a mass spectrom^. 
washing ssid sample vdth a solution of volatile salts, and 
evaporating the sohuion of volatile salts from the swpto. 

39. A m^hod of obtaining nonrandom length fragments from a laxget nucleic acid 
comprising: 

hybztdiziiig tme or moie sets of fragmenting probes to said target nucleic acid 

to fonn a see of b>brids» 
cleaving single-stranded regions of members of &Kiid 5tt of hybrids. 



40. A kit for detecting nmtations in one or coore target nucleic acids in a sanq>ie 
cmnprising: 

(a) one or mim s^ of fiagmentmg probes, wherein ssM firagmentii^ 
probes are complementary to a sequence of one or more of said target 
nucleic acids; 

(b) a stngle-£trand specific cleaving reagent: and 

(c) a solid support capaUe of isolating said single-stranded taiget nucleic 
acids that have been mmrandomly fragmented Into single-scranded 
nonrandom length fragments. 



41. The kit of clato 40, wherein said singjc-strand specific cleaving reagent is. a 
single-stiand-speclftc chemical cleaving reagent i^tectcd from the group consisting of 
hydroxylamine, hydrogen peroxide, osmiion tetroxide, and potasshim permanganate. 
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42. The kit of claim 40, wherein sakf sioglc-scrand specific cleaving urgent is a 
nuclease selected from the gro^ consisting of Mii(\g bean nuclease, Nuclease S! , and 
RNase A. 

43. A kit for detecting mutations in one or more target nucleic acids in a sample 
comprising: 

(a) one or more sets of restriction site prot)es, wherein said prube^i 
comprise a single-stranded sequence atpable of hybridizing to a 
sequence of said one or more target nacleic acids; 

(b) one or more restriction endonucleases that cleave at restriction sites 
within said restriction sice probes; and 

(c) a solid support capable of isolating said single-stranded target nucieic 
adds that have been nonrandomly fragmented into single-stranded 
nonrandom length fragments. 

44. The kit of claim 4$, wherein said restriction endonuclease is a Class US 
restriction endonuclcaae. 

45. Tbc kit of claim 43 , wterein said restricdon site probe comfmses two regions, 
a first legion diai is single-stranded and conqslemcntary to a specific sequence within 
said target nucleic acid, and a second regicyn that is double-stranded and contains a 
restriciion recognition ane for a Class US restriction endonuclease. 
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